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57 ABSTRACT 

A diaphragm having an aperture, the size of which is equal 
to or Smaller than f/p () is the wavelength, p is the imaging 
resolution, and f is the focal length of an imaging optical 
System) is arranged on the focal plane of the object space of 
the imaging optical System, and object light via the aperture 
is imaged by the imaging optical System. The object light via 
the imaging optical System and reference light are brought to 
interference to form interference fringes, and an image of the 
interference fringes is Sensed. Using the hologram Sensed in 
this manner, the image of the object to be sensed is recon 
Structed by adopting an imaging optical System equivalent to 
that upon imaging, and Setting the positional relationship 
between the formed hologram and the imaging optical 
System in correspondence with that between the imaging 
optical System and the imaging Surface upon imaging. In this 
way, a holography imaging apparatus which can vary the 
field of View and can Sense a high-quality hologram using an 
imaging device having a relatively low Spatial resolution is 
realized, and a holography display apparatus which can 
display an image by eliminating distortion with respect to 
the original image from a hologram Sensed by the hologra 
phy imaging apparatus of this invention is realized. 

11 Claims, 34 Drawing Sheets 
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HOLOGRAPHY IMAGING APPARATUS 
HOLOGRAPHY DISPLAY APPARATUS 

HOLOGRAPHY IMAGING METHOD AND 
HOLOGRAPHY DISPLAY METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a holography imaging 
apparatus for recording three-dimensional information of an 
object, and a holography display apparatus for reading out 
the three-dimensional information of an object from the 
holography imaging apparatus and displaying a three 
dimensional image of the object. 

2. Related Background Art 
Holography has received considerable attention as a tech 

nique for displaying a three-dimensional image of an object, 
a. The holography technique includes a holography imaging 
technique for recording three-dimensional information of an 
object, and a holography display technique for reading out 
the three-dimensional information of an object recorded by 
the holography imaging technique and displaying the three 
dimensional image of the object. 

The conventional holography technique is designed based 
on the premises that the imaging device has a high resolution 
upon holography imaging, and most of holography imaging 
apparatuses use a high-resolution photography dryplate or 
thermoplastic as imaging devices. 

Since Such imaging technique is basically a high-level 
photography technique because of the high resolution, 
holography imaging labor intensive. In View of this problem, 
the holography techniques using a CCD camera as a rela 
tively low-resolution imaging device are proposed in “Sato 
et. al., Journal of Television Society, Vol. 45, No. 7, pp. 
873-875 (1991)” (hereafter referred to as prior art 1) and “N. 
Hashimoto et al., SPIE, Vol. 1461, Practical Holography V 
(1991), pp. 291-302” (hereafter referred to as prior art 2). 

Prior art 1 corresponds to an example of a Fresnel type 
holography technique which does not use any lenses that are 
normally used in the holography imaging technique. In the 
holography imaging technique disclosed in prior art 2, an 
imaging lens is used So that the Spatial resolution of a real 
image matches that of an imaging device, and a diaphragm 
is arranged immediately before the position of the object 
Space of the imaging lens. 

Interference fringes bearing both the distance information 
in the optical axis direction and the position information in 
a direction perpendicular to the optical axis are Sensed, and 
an image to be reconstructed is read out from the interfer 
ence fringes. 
When holography imaging apparatuses of prior arts 1 and 

2 are adopted, Since the Spatial resolution of a CCD is about 
10 um in general, the angle object light and reference light 
make must fall within the range from 2 to 3. If the angle 
object light and reference light make becomes large, the 
spacing between adjacent interference fringes becomes 
Smaller than the resolution of the imaging device and, hence, 
the interference fringes cannot be sensed with high contrast. 

In the holography imaging apparatuses of prior arts 1 and 
2, the pixel pitch and pixel Size of the CCD as the imaging 
device are different from those of a Spatial modulation 
device used in image reconstruction, and the optical System 
upon holography imaging is different from that upon recon 
Struction. As a consequence, the enlargement factor of the 
reconstructed display image essentially varies depending on 
the position. 
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2 
SUMMARY OF THE INVENTION 

It is an object of the present invention to obtain a 
high-quality holography image. 
A holography imaging apparatus according to the present 

invention uses an optical System having a positive refractive 
power, e.g., a convex lens, to vary the field of View, and 
reflects the distance, in the optical axis direction, to the 
object on the Spacing between adjacent interference fringes 
and the position, in a direction perpendicular to the optical 
axis direction, of the object on the distribution range of the 
interference fringes, So as to assure a required spacing 
between adjacent interference fringes. Hence, the apparatus 
has the reflection function of the distance, in the optical axis 
direction, to the object independently of the reflection func 
tion of the position, in the direction perpendicular to the 
optical axis direction, of the object, and adjusts the position, 
in the optical axis direction, of an imaging device, thereby 
Suppressing generation of interference fringes, the Spacing 
of which is Smaller than the resolution of the imaging 
device. 
More Specifically, the holography imaging apparatus 

according to the present invention comprises (a) diaphragm 
means having an aperture for passing object light reflected 
by the object to be sensed as a result of irradiation of the 
light output from a first light Source onto the object to be 
Sensed, (b) a first imaging optical System arranged at a 
position corresponding to the focal plane of an object Space 
of the diaphragm means, (c) an interference optical System 
for converting the coherent light output from a Second light 
Source into reference light as plane waves, and bringing the 
object light via the first imaging optical System and the 
reference light to interference, and (d) image sensing means, 
having an imaging Surface perpendicular to the optical axis 
of the first imaging optical System at a position Separated by 
a first distance from the focal plane of an image Space of the 
first imaging optical System in the propagation direction of 
the reference light output from the first imaging optical 
System, for Sensing an image formed by interference light 
output from the interference optical System, wherein the 
following relation holds: 

a Swift (1) 

where 2 is the wavelength of the object light, a is the 
aperture size of the aperture of the diaphragm means, f is the 
focal length of the object Space of the first imaging optical 
System, and p is the Spatial resolution of the image Sensing 
CS. 

Note that the first and Second light Sources can be realized 
by a single light Source. 

Also, the apparatus may further comprise first moving 
means for changing the first distance. In this case, an optimal 
imaging position can be set in correspondence with the 
distance to the object to be sensed and the resolution of the 
imaging Surface. 
The imaging result of the image Sensing means may be 

either (i) the intensity of light on the imaging Surface or (ii) 
the amplitude and phase of waves of light on the imaging 
Surface. In the former case, an intensity hologram is 
obtained, and in the latter case, a complex hologram is 
obtained. The complex hologram is obtained by a fringe 
Scanning method. 

In the holography imaging apparatus of the present 
invention, the object to be imaged is irradiated with light 
output from the first light source. Object light, reflected by 
the object is input to the first imaging optical System via the 
aperture having a size that Satisfies relation (1) above. 
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Of the light rays input to the imaging optical System, a 
principal ray that has passed through the focal point of the 
object Space of the imaging optical System is output from the 
exit position of the first imaging optical System, which 
position is separated by a predetermined distance from the 
central axis (to be also simply referred to as an optical axis 
hereinafter) of the first imaging optical System, in corre 
spondence with the incident angle to the first imaging optical 
System, and is perpendicularly incident on the imaging 
Surface along an optical path parallel to the optical axis. The 
light that has passed through the aperture is converted into 
light propagating toward the imaging point, having passed 
through the imaging optical System. Accordingly, wave 
fronts that have passed through the aperture become spheri 
cal waves that converge from the passing point of the 
imaging optical System to the imaging point, and become 
Spherical waves that diverge after passing through the imag 
ing point. 

Coherent light output from the light Source is input to the 
interference means (optical System). The interference means 
converts the coherent light output from the Second light 
Source into reference light as plane waves, and brings the 
object light via the imaging optical System and the reference 
light to interference. 

Note that the first and second light sources may be 
realized by a Single light Source, and light output from the 
light Source may be split by a beam splitter into light to be 
irradiated onto the object to be Sensed and the coherent light 
as a Source of the reference light. 
When the object spherical waves that have passed through 

the imaging optical System are brought to interference with 
plane waves having the same wavelength as that of the 
spherical wave, and interference waves are observed in a 
Section perpendicular to the optical axis at a position behind 
the imaging optical System, the Section becomes a cosine 
wave Fresnel Zone plate having the principal ray as the 
center, and a line connecting the centers of cosine wave 
Fresnel Zone plates at various positions is parallel to the 
optical axis. 
AS a consequence, when the distance in the optical axis 

direction remains the same, the distances, in the direction 
perpendicular to the optical axis, to bright points of the 
object to be sensed define the distribution range of interfer 
ence fringes coming from the bright points. Also, the 
distances, in the optical axis direction, to the bright points of 
the object to be sensed define the Spacing between adjacent 
interference fringes of the cosine Fresnel Zone plate. 

The imaging apparatus of the present invention adopts an 
aperture having an aperture size a that Satisfies relation (1) 
above So as to SuppreSS generation of interference fringes, 
the Spacing of which is Smaller than the Spatial resolution of 
the image Sensing means, i.e., the size (to be also referred to 
as a pitch hereinafter) p of the unit of an imaging device used 
in the image Sensing means. 

If the reference light is perpendicularly incident on the 
imaging device, the incident angle, 0, of object light at 
which interference fringes generated on the imaging device 
having the pitch p can be Sensed at the Nyquist Spacing or 
less must Satisfy: 

0s sin"((W/2)/p) (2) 
On the other hand, in the imaging apparatus of the present 

invention having an aperture with an aperture Size a that 
Satisfies relation (1) above, the angle (to be also referred to 
as the incident angle to the imaging point hereinafter), 0i, the 
object light and the optical axis make Satisfies: 
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4 
Since d0, the angle Oi also Satisfies: 

Therefore, the imaging apparatus of the present invention 
can Sense interference fringes at the Nyquist Spacing, and 
information can be Stored with high reproducibility owing to 
the Sampling theorem. 

If the aperture Size a of the aperture of the imaging 
apparatus does not satisfy relation (1), unresolved interfer 
ence fringes may be produced. In this case, the light amount 
of unresolved interference fringes is recognized as a DC 
component, and lowers the contrast of the resolved inter 
ference fringes. It is convenient and practical to Select a 
rectangular or circular aperture. 
The operation principle adopted in the holography imag 

ing apparatus of the present invention will be briefly 
described below. 

FIG. 1 explains the principle of the holography imaging 
apparatus of the present invention. AS shown in FIG. 1, the 
holography imaging apparatus of the present invention com 
prises (a) an imaging optical System 110 having a positive 
refractive power, (b) a diaphragm 210 having an aperture 
211 at a position near the focal point of the object space of 
the imaging optical System 110, (c) an interference optical 
system 300 for bringing object light and reference light to 
interference, and (d) an imaging device 400 which has an 
imaging Surface 410 perpendicular to the optical axis and 
Senses interference fringes of interference light output from 
the interference optical system 300. 

In the imaging apparatus shown in FIG. 1, object light 
rays from bright points (P1, P2, P3, ...) of the object to be 
Sensed pass through the aperture 211 and then enter the 
imaging optical System 110. 
Of light rays entering the imaging optical system 110, a 

principal ray that has passed through the center of the 
aperture 211, i.e., the focal point of the object Space of the 
imaging optical System 110, is output from the exit position 
of the imaging optical System, which position is separated by 
a predetermined distance from the optical axis of the imag 
ing optical System 110, in correspondence with the incident 
angle to the imaging optical System 110, and is perpendicu 
larly incident on the imaging Surface 410 along an optical 
path parallel to the optical axis. On the other hand, the light 
rays that have passed the aperture 211 are converted into 
light rays which propagate toward imaging points (Q1, Q2, 
Q3,...) corresponding to the bright points (P1, P2, P3, ...) 
when they have passed through the imaging optical System 
110. Hence, wavefronts that have passed through the aper 
ture 211 become spherical waves that converge from their 
passing points of the imaging optical System 110 to the 
imaging points (Q1, Q2, Q3, . . . ), and become spherical 
waves that diverge after passing through the imaging points 
(Q1, Q2, Q3, . . . ). 

FIG. 2 explains the incident angle of object light at the 
imaging point. Object light that has the bright point P as a 
Start point and enters the imaging optical System 110 via the 
aperture 211 converges to the imaging point Q. Let L be the 
aperture size of the aperture 211 that is given by: 

where 2: the wavelength of the object light 
f: the focal length of the object space of the imaging 

optical System 
p: the Spatial resolution of the imaging device 

Then, each of the angles, 0, light rays, which have passed 
through the two end points of the aperture 211 and the 
imaging optical System, and the optical axis make is given 
by: 
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Accordingly, the angle, 0, a light ray, which has passed 
through the aperture 211 and the imaging optical System, and 
the optical axis make Satisfies: 

0, stan"((W/2)/p) 

When A-0, 

tan A-sin 'A 

then, 

Hence, the angle 0, Satisfies the condition given by relation 
(2) above. 

The object light via the imaging optical System 110 and 
reference light (coherent light having the same wavelength 
as that of the object light) as plane waves enter the inter 
ference optical system 300 and brought to interference. Note 
that the propagation direction of the reference light is Set by 
the interference optical System So that the reference light via 
the interference optical System 300 propagates parallel to the 
optical axis and is perpendicularly incident on the imaging 
Surface 410. 

Since (the aperture size a of the aperture in the present 
invention) <L, the holography imaging apparatus of the 
present invention can Sample at the Nyquist spacing or leSS 
interference fringes produced as a result of interference 
between the object light via the imaging optical System 110 
and the reference light (coherent light having the same 
wavelength as that of the object light) in the interference 
optical System 300 Since the incident angle at the imaging 
point always satisfies the condition given by relation (2) 
above. 
A holography display apparatus according to the present 

invention is a holography display apparatus for reconstruct 
ing and displaying an image of the object to be sensed on the 
basis of optical information Sensed by the holography imag 
ing apparatus of the present invention, and comprises (a) 
information input means for inputting the imaging result in 
the holography imaging apparatus of the present invention, 
(b) a hologram forming unit for forming a hologram on the 
imaging Surface at the imaging timing of the holography 
imaging apparatus of the present invention on the basis of 
information Supplied from the information input means, (c) 
a Second imaging optical System which has a focal plane of 
the object space (the hologram Site) at a position Separated 
by the first direction in the holography imaging apparatus of 
the present invention from the position of the hologram in 
the average propagation direction of hologram forming 
light, and (d) 0th-order light shielding means arranged at the 
focal point of the image Space of the Second imaging optical 
System. 

The apparatus preferably further comprises Second mov 
ing means for changing the distance between the position of 
the hologram and the focal plane of the object space of the 
Second imaging optical System. In this case, in the holog 
raphy imaging apparatus of the present invention, even 
when the Selected first distance changes, the layout of the 
reconstruction optical System that can reconstruct an image 
free from any distortion can be set again in accordance with 
the changed first distance. 

In the case of an intensity hologram, the hologram form 
ing means can be preferably constituted by optical members 
by comprising (i) display means for displaying an optical 
image of the imaging result Supplied from the information 
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6 
input unit (means), (ii) a spatial light modulator in which a 
Spatial light modulated image corresponding to the optical 
image displayed on the display means is written, (iii) a light 
Source for producing read light to be irradiated onto the 
Spatial light modulator, and (iv) a hologram forming optical 
System for receiving phase- or amplitude-modulated light 
obtained by phase- or amplitude-modulating the read light 
via the Spatial light modulator, and forming a hologram 
having the same size as that of the imaging device of the 
holography imaging apparatus. 
When the imaging result in the holography imaging 

apparatus of the present invention is a complex hologram 
that contains the amplitude information and phase informa 
tion of incident light at the respective points on the imaging 
Surface, the hologram forming unit can be preferably con 
Stituted by optical members by comprising (i) a phase & 
amplitude modulation unit for phase- and amplitude 
modulating incident light in accordance with the amplitude 
information and phase information Supplied from the infor 
mation input unit and outputting the modulated light, (ii) a 
light Source for producing read light to be irradiated onto the 
phase & amplitude modulation unit, (iii) a hologram form 
ing optical System for receiving phase- and amplitude 
modulated light obtained by phase- and amplitude 
modulating the read light via the phase & amplitude 
modulation unit, and forming a hologram having the same 
Size as that of the imaging device of the holography imaging 
apparatuS. 
The functions of the hologram forming unit, the Second 

imaging optical System, and the 0th-order light Shielding 
plate (means) can also be realized by calculation processing 
using a computer. 

The principle of hologram reconstruction utilized in the 
holography display apparatus of the present invention will 
be briefly described below. The holography display appara 
tus of the present invention reads out an interference fringe 
image Sensed by the above-mentioned principle and displayS 
a hologram. 
A case will be explained below wherein the imaging 

Surface is Set at the far focal plane in holography imaging. 
FIG. 3 shows the arrangement of the most basic recon 

Struction optical System. AS shown in FIG. 3, this optical 
System comprises (a) an imaging optical System 120 equiva 
lent to the imaging optical System 110 used in the imaging 
optical apparatus, (b) a complex hologram 510 arranged at 
a position corresponding to the imaging Surface 410 with 
respect to the imaging optical System 110, i.e., on one focal 
plane of the imaging optical System 120, and (c) a dia 
phragm 220 which is arranged at a position corresponding to 
the diaphragm 210 with respect to the imaging optical 
System 110, i.e., on the other focal plane of the imaging 
optical System 120, and has an aperture 221 equivalent to the 
aperture 211. 

In this reconstruction optical System, when collimated 
light as conjugate waves of the reference light upon imaging, 
i.e., read light, is irradiated onto the complex hologram 510, 
light, the reconstruction wavefronts of which have an object 
image formed by the imaging optical System 110 upon 
imaging as a virtual image IM1, is produced. This light 
enters the imaging optical System 120 and forms a real 
image RL1 via the aperture 221 at a position corresponding 
to the position of the object to be Sensed upon imaging. 

In reconstruction, Since a reconstruction light beam is 
concentrated at the position near the aperture 221 in the 
reconstruction optical System shown in FIG. 3, the dia 
phragm 220 is not always necessary. 

Since the complex hologram 510 does not produce any 
conjugate image, no images other than the above-mentioned 
Virtual image IM1 and the real image RL1 are reconstructed. 
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The real image RL1 is observed from a view point P11 or 
P12 located at the position behind the object to be sensed 
upon imaging. Hence, the image to be observed is the 
reverse site of the reconstructed image. 
At the view point P11 or P12, the observer can only 

observe a portion of the real image RL1 associated with only 
reconstruction light incident on each view point. 
The drawbacks of the reconstruction optical System 

shown in FIG. 3 can be removed. FIG. 4 shows the arrange 
ment of a reconstruction optical System that can remove the 
drawbacks of the reconstruction optical System shown in 
FIG. 3. 
AS shown in FIG. 4, this reconstruction optical System 

comprises (a) an imaging optical System 120 equivalent to 
the imaging optical System 110 used in the imaging optical 
apparatus, (b) a complex hologram 510 which is arranged at 
a position corresponding to the imaging Surface 410 with 
respect to the imaging optical System 110, i.e., on one focal 
plane of the imaging optical System 120, and is rotated 
through 180° about a direction perpendicular to the plane of 
the drawing of FIG. 4 as the rotation axis, and (c) a 
diaphragm 220 which is arranged at a position correspond 
ing to the diaphragm 210 with respect to the imaging optical 
System 110, and has an aperture 221 equivalent to the 
aperture 211. 

In this reconstruction optical System, when collimated 
light as conjugate waves of the reference light upon imaging, 
i.e., read light, is irradiated onto the complex hologram 510, 
light, the reconstruction wavefronts of which form a real 
image RL2 at a Symmetrical position with respect to the 
focal plane of the virtual image IM1, is produced. This light 
enters the imaging optical System 120, and is converted into 
light having wavefronts that form a virtual image IM2 
between the imaging optical System 120 and the diaphragm 
220. By observing the virtual image IM2 from the aperture 
221 as the View point, the entire image in a normal image 
direction free from any distortion can be observed. 
A case will be explained below wherein a hologram is 

recorded by an intensity recording type hologram apparatus. 
FIG. 5 shows the arrangement of the most basic recon 

Struction optical System of an intensity hologram. AS shown 
in FIG. 5, this reconstruction optical System has Substan 
tially the same arrangement as that of the reconstruction 
optical System shown in FIG. 3, except that an intensity 
hologram 560 replaces the complex hologram 510. 
When read light is irradiated onto the intensity hologram 

560 of the reconstruction optical system shown in FIG. 5, 
reconstruction light, which has wavefronts that form a 
Virtual image IM1 at the imaging position upon imaging as 
in the reconstruction optical System shown in FIG. 3, and 
wavefronts that form a virtual image RL3 at a Symmetrical 
position of the virtual image IM1 about the intensity holo 
gram 560 as the plane of Symmetry, is produced. 

The light having the wavefronts that form the virtual 
image IM1 is reconstructed by the imaging optical System 
120 as a real image RL1 at the position of the object to be 
Sensed upon imaging. On the other hand, the light having the 
wavefronts that form the virtual image RL3 is reconstructed 
by the imaging optical System 120 as a virtual image IM3 at 
the Symmetrical position of the real image RL1 about the 
diaphragm 220 as the plane of Symmetry. 
By observing the virtual image IM3 from the aperture 221 

as the View point, the entire reconstructed image can be 
obtained. 

However, the observed image is vertically inverted as in 
FIG. 3. 

This problem can be solved by the same method as that 
which solves the similar problem in the reconstruction 
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8 
optical system shown in FIG. 3 by the reproduction optical 
system shown in FIG. 4. 

FIG. 6 shows the arrangement of the reconstruction 
optical System that Solves the problem of the reconstruction 
optical system shown in FIG. 5. As shown in FIG. 6, this 
reproduction optical System has Substantially the same 
arrangement as that of the System shown in FIG. 5, except 
that the intensity hologram 560 is arranged to be rotated 
through 180° about the direction perpendicular to the plane 
of the drawing of FIG. 6 as an axis. 
When read light is irradiated onto the intensity hologram 

of the reconstruction optical system shown in FIG. 6, 
reconstruction light which has wavefronts that form a real 
image RL2 at the same position as that in the reconstruction 
optical system shown in FIG. 4, and wavefronts that form a 
Virtual image IM4 at a Symmetrical position of the real 
image RL2 about the intensity hologram 560 as the plane of 
Symmetry, is produced. 
The light having the wavefronts that form the virtual 

image IM4 is reconstructed by the imaging optical System 
120 as a real image RL4 at the position of the object to be 
Sensed upon imaging. On the other hand, the light of the 
wavefronts that form the real image RL2 is reconstructed by 
the imaging optical System 120 as a virtual image IM2 at a 
Symmetrical position of the real image RL4 about the 
diaphragm 220 as the plane of Symmetry. 
By observing the virtual image IM2 from the aperture 221 

as the View point, the entire reconstructed image can be 
observed with the same directional relationship as that of the 
image upon imaging as in the reconstruction optical System 
shown in FIG. 4. 

In the above description, the imaging Surface is Set at the 
focal plane (focal length=f) of the imaging optical System 
upon imaging. A case will be explained below wherein the 
imaging Surface is not set at the focal plane of the imaging 
optical System upon imaging. In the following description, 
assume that the imaging Surface upon imaging is separated 
by Z from the rear focal plane of the imaging optical System. 

FIG. 7 shows the arrangement of a reconstruction optical 
system in which the complex hologram 510 is set at the 
position of the imaging Surface upon imaging in accordance 
with FIG. 3. When read light is irradiated onto the recon 
Struction optical System shown in FIG. 7, light having 
wavefronts that form a virtual image IM1 is reconstructed at 
the imaging position of the imaging optical System upon 
imaging (the distance from the imaging optical System to the 
imaging position is b). At this time, the distance, c, between 
the complex hologram 510 and the virtual image IM1 is: 

(5) 

Subsequently, the light having the wavefronts that form 
the virtual image IM1 is imaged by the imaging optical 
system 120 at the position of the object to be sensed upon 
imaging, thus reconstructing a real image RL1. In this 
reconstruction optical System, the real image RL1 as the 
reconstructed image does not Suffer any distortion upon 
imaging. 

However, since the same problem as in the case of FIG. 
3 above is also posed upon observing the real image RL1 in 
FIG. 7, a reconstruction optical System that takes the same 
measure as that of the reconstruction optical System in FIG. 
4 with respect to the reconstruction optical system in FIG. 3 
is adopted. 

In the reconstruction optical system shown in FIG. 7, the 
complex hologram 510 is rotated through 180° about the 
direction perpendicular to the plane of the drawing of FIG. 
7 as an axis, and is moved by a distance y. When read light 
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is irradiated in this reconstruction optical System, a real 
image RL2 is reconstructed at the position, where the Virtual 
image IM1 rotated through 180° about the same axis as the 
rotation axis of the complex hologram is reconstructed. The 
distance, d, between this real image RL2 and the imaging 
optical system 120 is: 

In order to reconstruct a virtual image IM2 free from any 
distortion by imaging wavefronts that form the real image 
RL2 by the imaging optical system 120, the position of the 
real image RL2 must be formed at a Symmetrical position of 
the virtual image IM1 about the focal plane in FIG. 7. This 
condition is: 

Hence, from equations (6) and (7), the condition for 
obtaining the virtual image IM2 independently of the 
enlargement factor difference depending on the position is: 

(8) 

FIG. 8 shows the arrangement of a reconstruction optical 
System that Satisfies the condition given by equation (8). 
When an intensity hologram is used, the entire image in 

a normal image direction free from any distortion can be also 
be observed by the same reconstruction optical System as 
that shown in FIG. 8. 

In the holography imaging apparatus of the present 
invention, the image Sensing means can comprise the imag 
ing Surface, which is Separated by the first distance from the 
focal plane of the image Space of the first imaging optical 
System in the propagation direction of the reference light 
output from the first imaging optical System, is arranged at 
the position where it does not receive any principal ray of 
light that comes from the object to be sensed and passes 
through the focal point of the object space of the first 
imaging optical System, and is perpendicular to the optical 
axis of the first imaging optical System. 
The holography display apparatus, which reconstructs and 

displays the image of the object to be sensed on the basis of 
optical information Sensed by the holography imaging 
apparatus, preferably further comprises principal ray shield 
ing means which is arranged on the focal plane of the image 
Space (opposite to the hologram site) of the Second imaging 
optical System, and shields the principal ray of light having 
wavefronts that form a real image, which light is obtained by 
converting light having wavefronts, which form a hologram, 
via the Second imaging optical System. 

In the holography imaging apparatus and the holography 
display apparatus, which do not use the principal ray, a 
conjugate image generated in the case of the intensity 
hologram can be effectively removed, as will be described 
below. 

FIG. 9 shows the arrangement of an imaging optical 
System Suitable for removing a conjugate image upon recon 
struction. As shown in FIG. 9, this optical system comprises 
(a) an imaging optical System 110 having a positive refrac 
tive power, (b) a diaphragm 210 having an aperture 211 at 
a position near the focal point of the object Space of the 
imaging optical System 110, (c) an interference optical 
system 300 for bringing object light and reference light to 
interference, and (d) an imaging device 400 which has an 
imaging Surface 410 perpendicular to the optical axis, and 
Senses interference fringes of interference light output from 
the interference optical system 300. The entire optical sys 
tem is designed, So that the principal ray of object light that 
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has passed through the focal point of the object Space of the 
imaging optical System 100 is not incident on the imaging 
Surface 410. 

Such arrangement can be attained by only the geometric 
arrangement of an object 900 to be sensed, the diaphragm 
210, the imaging optical System 110, and the imaging 
surface 410, or can be attained by arranging a filter 419, the 
transmittance of which gradually becomes 0 at the incidence 
position, on the imaging Surface 3410, of the principal ray of 
the object light that has passed through the focal point of the 
object space of the imaging optical system 110. With this 
arrangement, the influence of diffraction at a position near 
the end point can be prevented, and image quality can be 
improved. 

According to the imaging optical System shown in FIG. 9, 
interference fringes formed by object light that does not 
include any principal ray of the object light, which has 
passed through the focal point of the object Space the 
imaging optical System 110, and the reference light, are 
Sensed. 
A reconstruction optical System for reconstructing an 

image from the hologram Sensed by the optical System 
shown in FIG. 9 will be described below. 

FIG. 10 shows the arrangement of such reconstruction 
optical system. Note that FIG. 10 depicts the optical path of 
light Suitable for observing the reconstructed image. 
As shown in FIG. 10, this reconstruction optical system 

comprises (a) an imaging optical System 120 equivalent to 
the imaging optical system 110, a hologram 510 which is 
arranged at a position corresponding to the imaging Surface 
410 with respect to the imaging optical System 110, i.e., on 
one focal plane of the imaging optical System 120, and is 
rotated through 180° about the direction perpendicular to the 
plane of the drawing of FIG. 4 about the rotation axis, (c) a 
Oth-order light shielding plate 251 arranged near the focal 
point of the image space of the imaging optical System 120, 
and (d) a planar light Shielding plate 252 arranged at a 
position below, on the plane of the drawing, the focal point 
of the image Space of the imaging optical System 120. Note 
that the layout position of the hologram 510 is the same as 
that in FIG. 8. 

In this reconstruction optical System, when collimated 
light as conjugate waves of the reference light upon imaging, 
i.e., read light is irradiated onto the hologram 510, light 
having wavefronts that form a real image RL2 is produced 
as in FIG. 5. This light enters the imaging optical system 120 
and is converted into light having wavefronts that form a 
virtual image IM2. As shown in FIG. 10, since the light 
having wavefronts that form the virtual image IM2 passes 
through a position above, on the plane of the drawing, the 
focal point on the focal plane of the image Space of the 
imaging optical System 120, the entire image in a normal 
image direction free from any distortion can be Satisfactorily 
observed by observing this light, i.e., the virtual image IM2, 
from the position behind the focal plane of the image Space 
of the imaging optical System 120. 

FIG. 11 is an explanatory view of removal of a conjugate 
image by the optical system shown in FIG. 10. As shown in 
FIG. 11, when collimated light as conjugate waves of the 
reference light upon imaging, i.e., read light is irradiated 
onto the hologram 510, light having wavefronts that form a 
Virtual image IM1 as a conjugate image of a real image RL2 
is produced as in FIG. 6. This light enters the imaging 
optical System 120, and is converted into light having 
wavefronts that form a real image RL1. As shown in FIG. 11, 
Since the light having wavefronts that form the virtual image 
IM2 passes through a position below, on the plane of the 
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drawing, the focal point on the focal plane of the image 
Space of the imaging optical System 120, it is shielded by the 
Oth-order light shielding plate 251 or the light shielding plate 
252. As a consequence, upon observing the Virtual image 
IM2 from the position behind the focal plane of the image 
Space of the imaging optical System 120, no light having the 
wavefronts that form the virtual image RL1 is mixed, thus 
allowing Satisfactory image observation. 
The present invention will be more fully understood from 

the detailed description given hereinbelow and the accom 
panying drawings, which are given by way of illustration 
only and are not to be considered as limiting the present 
invention. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given here 
inafter. However, it should be understood that the detailed 
description and Specific examples, while indicating pre 
ferred embodiments of the invention, are given by way of 
illustration only, Since various changes and modifications 
within the Spirit and Scope of the invention will be apparent 
to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 explains the principle of a holography imaging 
apparatus according to the present invention; 

FIG. 2 explains the incident angle of object light at the 
imaging point, 

FIG. 3 shows the arrangement of a basic reconstruction 
optical System of a complex hologram (the hologram is set 
at the focal plane); 

FIG. 4 shows the arrangement of a reconstruction optical 
System that improves the reconstruction optical System 
shown in FIG. 3; 

FIG. 5 shows the arrangement of a basic reconstruction 
optical System of an intensity hologram (the hologram is set 
at the focal plane); 

FIG. 6 shows the arrangement of a reconstruction optical 
System that improves the reconstruction optical System 
shown in FIG. 5; 

FIG. 7 shows the arrangement of a basic reconstruction 
optical System (the hologram is set at a position other than 
the focal plane); 

FIG. 8 shows the arrangement of a reconstruction optical 
System that improves the reconstruction optical System 
shown in FIG. 7; 

FIG. 9 is a Schematic view showing the arrangement of an 
imaging optical System of a holography imaging apparatus 
according to the present invention, which does not use any 
principal ray; 

FIG. 10 is a schematic view showing the arrangement of 
a reconstruction optical System of a holography display 
apparatus according to the present invention, which does not 
use any principal ray; 

FIG. 11 explains of removal of a conjugate image by the 
reconstruction optical system shown in FIG. 10; 

FIG. 12 is a diagram Showing the arrangement of the first 
embodiment of a holography imaging apparatus according 
to the present invention; 

FIG. 13 is a graph showing changes in maximum reso 
lution order and maximum imaging order upon changes in 
distance L in the first embodiment of the holography imag 
ing apparatus according to the present invention; 

FIG. 14 shows the arrangement of a second embodiment 
of a holography imaging apparatus according to the present 
invention; 
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FIG. 15 is a block diagram showing the arrangement of a 

processing unit of the Second embodiment of the holography 
imaging apparatus according to the present invention; 

FIG. 16 shows the arrangement of a third embodiment of 
a holography imaging apparatus according to the present 
invention; 

FIG. 17 is a diagram showing the arrangement of the 
fourth embodiment of a holography imaging apparatus 
according to the present invention; 

FIG. 18 is a view showing the arrangement of an imaging 
optical system 120; 

FIG. 19 is a view showing the arrangement of an inter 
locking means 270; 

FIG. 20 is a graph showing the relationship among the 
distances L1, L2, L3, the Synthesized focal length f, and the 
rotation angle 0; 

FIG. 21 is a graph showing the relationship between the 
rotation angles Om and 0; 
FIG.22 is a diagram Showing the arrangement of the fifth 

embodiment of a holography imaging apparatus according 
to the present invention; 

FIG. 23 is a diagram showing the arrangement of the Sixth 
embodiment of a holography imaging apparatus according 
to the present invention; 

FIG. 24 is a diagram showing the arrangement of the first 
embodiment of a holography display apparatus according to 
the present invention; 

FIG. 25 is a diagram showing the arrangement of the 
Second embodiment of a holography display apparatus 
according to the present invention; 

FIG. 26 is a flow chart for explaining the calculation 
processing in the Second embodiment of the holography 
display apparatus according to the present invention; 

FIG. 27 shows the arrangement of a third embodiment of 
a holography display apparatus according to the present 
invention; 
FIG.28 shows the arrangement of the fourth embodiment 

of a holography display apparatus according to the present 
invention; 

FIG. 29 is a flow chart explaining the calculation pro 
cessing in the fourth embodiment of the holography display 
apparatus according to the present invention; 

FIG. 30 shows the arrangement of the fifth embodiment of 
a holography display apparatus according to the present 
invention; 

FIG. 31 shows the arrangement of the sixth embodiment 
of a holography display apparatus according to the present 
invention; 

FIG. 32 is a flow chart explaining the calculation pro 
cessing in the Sixth embodiment of the holography display 
apparatus according to the present invention; 

FIG. 33 shows the arrangement of the seventh embodi 
ment of a holography display apparatus according to the 
present invention; and 
FIG.34 shows the arrangement of the eighth embodiment 

of a holography display apparatus according to the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the holography imaging 
apparatus and the holography display apparatus according to 
the present invention will be described hereinafter with 
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reference to the accompanying drawings. Note that the same 
reference numerals denote the same parts throughout the 
drawings, and a repetitive description thereof will be 
avoided. 
Embodiments of Holography Imaging Apparatus 
(First Embodiment) 
FIG. 12 shows the arrangement of the first embodiment of 

a holography imaging apparatus according to the present 
invention. The holography imaging apparatus of this 
embodiment is an intensity recording type imaging appara 
tus. As shown in FIG. 12, this apparatus comprises (a) a light 
Source unit 610 for producing irradiation light to be irradi 
ated onto an object 900 to be sensed and reference light, (b) 
a diaphragm 210 having an aperture 211 which transmits the 
object light reflected by the object 900 to be sensed as a 
result of irradiation of light output from the light Source unit 
610 onto the object 900 to be sensed, (c) an imaging optical 
System 110 arranged at a position corresponding to the focal 
plane of the object space of the diaphragm 210 and having 
a positive refractive index, (d) an interference optical System 
310 for bringing the object light via the imaging optical 
System 110 and the reference light to interference, (e) an 
imaging Sensing means 400 which has an imaging Surface 
410 perpendicular to the optical axis of the imaging optical 
System 110 and Sense an image formed by interference light 
output from the interference optical System 310, (f) a storage 
means 710 for receiving and Storing imaging information 
output from the image Sensing means 400, and (g) a trans 
mission means 720 for receiving the imaging information 
output from the image Sensing means 400 and transmitting 
it to a holography display apparatus. 
When the wavelength of the object light=), the aperture 

Size of the aperture of the diaphragm=a, the focal length of 
the object Space of the imaging optical System=f, and the 
Spatial resolution of the image Sensing means=p, the fol 
lowing relation holds: 

as flip (1) 

The light Source unit 610 comprises (i) a laser light Source 
611 for producing coherent light, (ii) a beam splitter 612 for 
Splitting light output from the laser light Source 611 into two 
beams, (iii) a D polarizer 613 for receiving one of the beams 
output from the beam splitter 612, Selecting the direction of 
polarization, and outputting the polarized beam, (iv) an 
optical System 614 for outputting the light via the polarizer 
613 toward the object 900 to be sensed as irradiation light of 
spherical waves, (v) a polarizer 615 for receiving the other 
beam output from the beam splitter 612, Selecting the 
direction of polarization, and outputting the polarized beam, 
and (vi) an optical System 616 outputting the light via the 
polarizer 615 toward the interference optical system 310 as 
light of Spherical waves. 
The interference optical system 310 comprises (i) an 

optical System 311 for receiving the light via the optical 
System 616 and converting it into plane waves, (ii) a mirror 
312 for reflecting the light via the optical system 311 and 
Setting an optical path, and (iii) a half mirror 313 for 
receiving the object light via the imaging optical System 110 
and the reference light via the mirror 312, and outputting 
these two beams in Substantially the same directions to bring 
them to interference. 

The image Sensing means 400 comprises (i) an analyzer 
430 for receiving interference light output from the inter 
ference optical System 310, Selecting the direction of 
polarization, and outputting the light, (ii) an imaging device 
420 which has the imaging surface 410 for receiving the 
light via the analyzer 430, and Senses an optical image on the 
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imaging Surface 410, and (iii) a moving means 440 for 
moving the position of the imaging Surface 410 relative to 
the interference optical system 310. 
When the imaging device 420 adopts a CCD camera, the 

camera is Set in a direction So as to Scan an image formed by 
the imaging optical system 110 to be inverted in the hori 
Zontal and vertical directions. In order to prevent reflection 
by the protection glass of the imaging Surface 410, an optical 
fiber plate having a core diameter equal to or Smaller than 
the imaging resolution is preferably used in place of the 
normal protection glass. 
A case will be exemplified below wherein the imaging 

optical System 110 adopts a convex lens having a focal 
length f=18 cm, the imaging surface 410 is defined by an 
array of 512 (=N)X512 imaging devices at a pitch p=11 um, 
the light to be used has a wavelength =0.628 tim, and the 
object 900 is set at a position about 46.6 cm ahead of the 
imaging optical System 110. In this case, the imaging point 
of the object 900 to be sensed by the imaging optical system 
110 corresponds to a position separated by 29.4 cm from the 
imaging optical System 110. Also, the circular aperture 211 
is adopted to have its size a defined by: 

The optical axis of the object light is defined as the Z-axis, 
the up-and-down direction of the plane of the drawing of 
FIG. 12 is defined as the y-direction, and the direction 
perpendicular to the plane of the drawing of FIG. 12 is 
defined as the X-direction. 
The holography imaging apparatus of this embodiment 

senses an intensity hologram of the object 900 to be sensed 
as follows. 
The imaging Surface 410 is set at a position Separated by 

an appropriate distance L from the object 900 to be sensed 
using the moving means 440 in accordance with the reso 
lution of the image Sensing means while maintaining the 
positional relationship between the diaphragm 210 and the 
imaging optical System 110 unchanged. 
The distance L can be obtained as follows. 
A cosine wave Fresnel Zone plate F(x, y, L), produced on 

the imaging Surface 410 by interference between Spherical 
wave light after the object light as the irradiation light output 
from the light source unit 610 and reflected by the object 900 
to be Sensed has passed through the imaging optical System 
110, and plane wave light obtained by converting the ref 
erence light output from the light Source unit 610 into plane 
waves, is given by: 

For the Sake of Simplicity, the distance L is assumed to be 
an integer multiple of the wavelength ) by approximation, 
and r, represents the distance from the center of the imaging 
plane 410 in the x-y plane. In this case, equation (9) is 
rewritten as: 

Accordingly, the position, r(n), of the nth-order light 
portion of the cosine wave Fresnel Zone plate F(x, y, L) is 
given by: 

(11) 

On the other hand, the position, r(n), of the nth-order dark 
portion of the cosine wave Fresnel Zone plate F(x, y, L) is 
given by: 
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The condition for resolving the cosine wave Fresnel Zone 
plate F(x, y, L) up to a maximum of nth order by the imaging 
surface 410 having the resolution p is: 

If n that makes the right- and left-hand sides of relation 
(13) equal to each other is assumed to be a maximum 
resolution order n, the maximum resolution order n, 
is as a function of the distance L, and is nearly inversely 
proportional to the distance L. 

Also, when the following relation holds: 

i.e., if n that roughly Sets the position of the nth-order light 
portion at the two ends of the imaging Surface 410 is 
assumed to be a maximum imaging order n, the maxi 
mum imaging order n, is a function of the distance L and 
is proportional to the distance L. 

FIG. 13 is a graph showing the dependence of the 
maximum resolution order n, and the maximum imaging 
order n, on the distance L in this embodiment. 

The distance L that can Satisfy the following relation 
becomes an optimal distance: 

(14) 

maxg maxd (15) 

By Setting this optimal distance, the light portions of the 
maximum resolution order n, appear at the two ends of 
the imaging Surface 410, and the Spacing between adjacent 
interference fringes within these light portions is larger than 
the resolution p. That is, the imaging Surface 410 can be used 
with maximum efficiency. 
AS can be seen from FIG. 13, in this embodiment, n that 

Satisfies the condition of equation (15) is 64, and an optimal 
distance Lopt is about 9.8 cm. 

In the holography imaging apparatus of this embodiment, 
the optimal distance Lopt can be set as the distance from the 
imaging point by the imaging optical System 110 to the 
imaging Surface 410. 
When the distance L is set to be larger than 9.8 cm, 

information that can be originally Sensed cannot be received, 
but fringe information that can be resolved by the entire 
imaging Surface can be received. 
More specifically, the moving means 440 sets the distance 

L between the imaging point of the object 900 to be sensed 
and the imaging Surface 410 to be 10 cm, i.e., Sets the 
imaging Surface 410 at a position Separated by 19.4 cm from 
the imaging optical System 110. 

Subsequently, the light source unit 610 outputs irradiation 
light for the object 900 to be sensed, and reference light. The 
object 900 to be sensed irradiated with the irradiation light 
causes reflection, thus producing object light as Spherical 
WWCS. 

Some light components of the object light enter the 
imaging optical System 110 via the aperture 211, are output 
toward the imaging point, and enter the interference optical 
system 310. On the other hand, the reference light output 
from the light source unit 610 enters the interference optical 
system 310 and interferes with the object light. 

Interference light output from the interference optical 
system 310 is received by the imaging surface 410 after the 
object light and the reference light are Selected by the 
analyzer 430. A fringe image formed by the light received by 
the imaging Surface 410 is Sensed by the imaging device 
420, and the imaging result is Stored in the Storage means 
710 together with the information of the distance L or is 
transmitted from the transmission means 720 toward the 
holography display apparatus. 
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Note that a laser light Source that can output the three 

primary colors of light in turn may be prepared as the laser 
light Source 611, and holograms of the respective colors may 
be sensed in turn to acquire imaging information that can 
reconstruct a color image. 
AS the laser light Source that can output the three primary 

colors of light in turn, laser devices which output the 
respective color beams may be prepared and be driven 
Sequentially, or a laser light Source which outputs light 
including the three primary colors of light may be prepared 
and filters each for Selecting one of the three primary colors 
of light may be used in turn. 

(Second Embodiment) 
FIG. 14 shows the arrangement of a second embodiment 

of a holography imaging apparatus according to the present 
invention. The holography imaging apparatus of this 
embodiment is a complex hologram recording type holog 
raphy imaging apparatus. AS Shown in FIG. 14, this appa 
ratus comprises (a) a light Source unit 610 for producing 
irradiation light to be irradiated onto an object 900 to be 
Sensed, and reference light, (b) a diaphragm 210 having an 
aperture 211 that transmits object light reflected by the 
object 900 to be sensed as a result of irradiation of the light 
output from the light source unit 610 onto the object 900 to 
be sensed, (c) an imaging optical System 110 arranged at a 
position corresponding to the focal plane of the object Space 
of the diaphragm 210 and having a positive refractive index, 
(d) an interference optical system320 for bringing the object 
light via the imaging optical System 110 and the reference 
light to interference, (e) an imaging sensing means 400 
which has an imaging Surface 410 perpendicular to the 
optical axis of the imaging optical System 110 and Senses an 
image formed by interference light output from the inter 
ference optical system 310, (f) a processing unit 800 for 
receiving and processing the imaging information output 
from the image sensing means 400 to obtain the intensity 
and phase of the object light on the imaging Surface 410, and 
instructing the interference optical System 320 of the phase 
of the reference light, (g) a storage means 710 for Storing the 
intensity information and phase information obtained by the 
processing unit 800, and (h) a transmission means 720 for 
receiving the imaging information output from the image 
Sensing means 400 and transmitting it toward the hologra 
phy display apparatus. 
When the wavelength of the object light=2, the aperture 

Size of the aperture of the diaphragm=a, the focal length of 
the object Space of the imaging optical System=f, and the 
Spatial resolution of the image Sensing means=p, the appa 
ratus Satisfies: 

a Swift (1) 

The interference optical system 320 comprises (i) an 
optical System 311 for receiving light via an optical System 
616 and converting the light into plane waves, (ii) a phase 
adjuster 321 for receiving the light via the optical System 
311, adjusting the phase of output light by the amount 
instructed from the processing unit 800, and outputting the 
adjusted light, (iii) a half mirror 322 for Setting the optical 
path of light via the phase adjuster 321, and (iv) a half mirror 
313 for receiving the object light via the imaging optical 
system 110 and the reference light via the half mirror 322, 
and outputting these two beams in Substantially the same 
directions to bring them to interference. Note that the phase 
adjuster 321 performs phase adjustment in four Steps for 
every 2/4. 
The phase adjuster 321 comprises (i) a mirror 326 for 

reflecting the incident light, and (ii) a piezoelectric device 
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327 for moving the mirror 326 in accordance with an 
instruction from the processing unit 800. 

FIG. 15 is a block diagram of the processing unit 800. As 
shown in FIG. 15, the processing unit 800 comprises (i) 
frame memories 810 to 810 for storing light intensity data 
of the respective pixels on the imaging Surface 410 in units 
of phase adjustment amounts, (ii) a calculation unit 820 for 
calculating the amplitudes and phases of object light at the 
respective pixel positions on the basis of the data of the 
pixels stored in the frame memories 810 to 810, and (iii) 
a control unit 830 for controlling the frame memories 810 
to 810, and the calculation unit 820, and issuing a phase 
adjustment instruction signal of the phase adjuster 321. 
The holography imaging apparatus of this embodiment 

Senses a complex hologram as follows. 
AS in the first embodiment, the imaging Surface 410 is Set 

at a position Separated by an appropriate distance L from the 
object 900 to be sensed using the moving means 440 in 
accordance with the resolution of the image Sensing means 
while maintaining the positional relationship between the 
diaphragm 210 and the imaging optical System 110. 
The processing unit 800 issues a phase adjustment 

instruction of a phase adjustment amount=0, and the phase 
adjuster 321 sets the mirror 326 at the position of the phase 
adjustment amount=0. 

Subsequently, the light source unit 610 outputs irradiation 
light for the object 900 to be sensed, and reference light. The 
object 900 to be sensed irradiated with the irradiation light 
causes reflection, thus producing object light as Spherical 
WWCS. 

Some light components of the object light enter the 
imaging optical system 110 via the aperture 211, are output 
toward the imaging point, and enter the interference optical 
system 320. On the other hand, the reference light output 
from the light source unit 610 enters the interference optical 
system 320, and interferes with the object light by the phase 
adjustment amount=0. 

Interference light output from the interference optical 
system 320 is received by the imaging surface 410 after the 
object light and the reference light are Selected by an 
analyzer 430. A fringe image formed by the light received by 
the imaging Surface 410 is Sensed by an imaging device 420, 
and the imaging result is Stored in the frame memory 810, 
as data (I,) of the phase adjustment amount=0. 
The processing unit 800 issues phase adjustment instruc 

tions of phase adjustment amounts=TL/2, IL, and 3TU/2 in turn, 
and Stores the corresponding imaging results (I, I, and I) 
in the frame memories 810 to 810. 

Let (p.2 be the phase adjustment amount, AexpjS2 be 
the object light, and AexpS2+C2A be the reference light. 
Then, the light intensity, I, on the imaging Surface 410 is 
described by: 

=A’--A-2AA (cos(2-2)cos 2A+sin(S2-2)sin (2A) (16) 

Therefore, Io to I corresponding to S2A=0, TL/2, IL, and 
37L/2 are respectively given by: 

Io-Ao’--A +2AcArcos (2-2) (17) 

I=A-HA-2AA sin (S2-C2) (18) 

I-Ao’--A-2A Arcos (2-2) (19) 

Is=A-HA-2AA sin (S2-C2) (20) 
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From equations (17) to (20), we have: 

Io-12-4AAR cos (2-2) (21) 

I-Is=4AAR sin (2-C2r) (22) 

From equations (21) and (22), the phase of the object light 
with respect to the reference light is: 

2-2 =tan' (I-Is)/(Io-L)) (23) 

Since the reference light is plane waves and hence, the phase 
S2 of the reference light is constant at every points on the 
imaging Surface 410, the relative phase between adjacent 
pixels is obtained by S2-C2 of the respective pixels given 
by equation (23). 
From equations (21) and (23), the amplitude, A, of the 

object light is defined by: 

Ao-do -12)/(4AR cos(2-2)) (24) 

The calculations of equations (21) to (24) above are 
performed by the calculation unit 820 as follows under the 
sequence control of the control unit 830. 
The imaging results I are simultaneously read out from 

the frame memories 810, (i=0, 1, 2, 3) at the video rate. 
Io and I2 are input to a Subtracter 821 to calculate (Io-I), 

and (Io-I) is input to a Synchronization register 823 and a 
divider 824. I and I are input to a subtracter 822 to 
calculate (I-I), and (I-I) is input to the divider 824. The 
divider 824 calculates (I-I)/(Io-I), and inputs the calcu 
lation result to an inverse tangent calculator 825. The inverse 
tangent calculator 825 executes the calculation of equation 
(23), inputs (S2-C2) as the calculation result to a cosine 
calculator 826, and outputs it as the first calculation result of 
the calculation unit 820 via a synchronization register 828. 
The cosine calculator 826 calculates 4A cos(2-2), 

and inputs the calculation result to a divider 827. The divider 
827 receives the storage data (Io-I) in the register 823 in 
addition to the calculation result of the cosine calculator 826, 
and executes the calculation of equation (24). The amplitude 
A, of the object light as the calculation result is output as the 
Second calculation result of the calculation unit 820. 
The calculation results of the calculation unit 820 are 

stored in the storage means 710 together with the informa 
tion of the distance L or are transmitted from the transmis 
Sion means 720 to the holography display apparatus. 
AS in the first embodiment, a laser light Source that can 

output the three primary colors of light in turn may be 
prepared as the laser light Source 611, and holograms of the 
respective colors may be sensed in turn to acquire imaging 
information that can reconstruct a color image. AS the laser 
light Source that can output the three primary colors of light 
in turn, laser devices which output the respective color 
beams may be prepared and be driven Sequentially, or a laser 
light Source which outputS light including the three primary 
colors of light may be prepared and filters each for Selecting 
one of the three primary colors of light may be used in turn. 

(Third Embodiment) 
FIG. 16 is a diagram showing the arrangement of the third 

embodiment of a holography imaging apparatus according 
to the present invention. AS shown in FIG. 16, this apparatus 
comprises (a) a light Source unit 610 for producing irradia 
tion light to be irradiated onto an object 900 to be sensed 
present above an optical axis LL on the plane of the drawing 
of FIG. 16, and reference light, (b) a diaphragm 210 having 
an aperture 211 which transmits the object light reflected by 
the object 900 to be sensed as a result of irradiation of light 
output from the light source unit 610 onto the object 900 to 
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be sensed, (c) an imaging optical System 110 arranged at a 
position corresponding to the focal plane of the object Space 
of the diaphragm 210 and having a positive refractive index, 
(d) an interference optical system 310 for bringing the object 
light via the imaging optical System 110 and the reference 
light to interference, (e) an image Sensing means 480 which 
has an imaging Surface 410 perpendicular to the optical axis 
of the imaging optical System 110 and Senses an image 
formed by interference light output from the interference 
optical system 310, (f) a storage means 710 for receiving and 
Storing imaging information output from the image Sensing 
means 480, and (g) a transmission means 720 for receiving 
the imaging information output from the image Sensing 
means 400 and transmitting it to a holography display 
apparatuS. 
When the wavelength of the object light=), the aperture 

Size of the aperture of the diaphragm=a, the focal length of 
the object Space of the imaging optical System=f, and the 
Spatial resolution of the image Sensing means=p, the fol 
lowing relation holds: 

a Swift (1) 

The image Sensing means 480 comprises (i) an analyzer 
430 for receiving interference light output from the inter 
ference optical System 310, Selecting the direction of 
polarization, and outputting the light, (ii) an imaging device 
420 which has the imaging surface 410 for receiving the 
light via the analyzer 430, and Senses an optical image on the 
imaging Surface 410, (iii) an image processing unit 450 for 
extracting the imaging result on the imaging Surface 410 
only below the optical axis LL in the plane of the drawing 
of FIG. 16, and (iv) a moving means 440 for moving the 
position of the imaging surface 410 relative to the interfer 
ence optical system 300. 

The image processing unit 450 comprises (i) an image 
memory 451 for Storing a pixel effective value (e.g., 1) in an 
area corresponding to the lower region in the plane of the 
drawing of the imaging Surface 410, Storing a pixel non 
effective value (e.g., 0) in an area corresponding to the upper 
region in the plane of the drawing of the imaging Surface 
410, and outputting pixel effective/non-effective signals for 
the respective pixels, and (ii) a multiplier 452 for calculating 
the products between pixel Signals output from the imaging 
device 420 and the pixel effective/non-effective signals 
corresponding to the pixel positions output from the image 
memory 451, and outputting the product values. 

The pixel effective/non-effective values are not only 
expressed by binary values but may be Smoothly changed in 
the vicinity of the boundary to prevent generation of a 
diffraction image at end points. 
A case will be exemplified below wherein the imaging 

optical System 110 has a convex lens having a focal length 
f=18 cm, the imaging surface 410 is defined by an array of 
512 (=N)X512 imaging devices at a pitch p=11 um, the light 
to be used has a wavelength 2-0.628 um, and the object 900 
is Set at the position about 46.6 cm ahead of the imaging 
optical system 110, as in the first embodiment. In this case, 
the imaging point of the object 900 to be sensed by the 
imaging optical System 110 corresponds to a position Sepa 
rated by 29.4 cm from the imaging optical system 110. Also, 
the circular aperture 211 is adopted to have its Size a defined 
by: 

The optical axis of the object light is defined as the Z-axis, 
the up-and-down direction of the plane of the drawing of 
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FIG. 16 is defined as the y-direction, and the direction 
perpendicular to the plane of the drawing of FIG. 16 is 
defined as the X-direction, as in the first embodiment. 
The holography imaging apparatus of this embodiment 

senses an intensity hologram of the object 900 to be sensed 
as follows. 
AS in the first embodiment, the imaging Surface 410 is Set 

at a position Separated by an appropriate distance L from the 
object 900 to be sensed using the moving means 440 in 
accordance with the resolution of the image Sensing means 
while maintaining the positional relationship between the 
diaphragm 210 and the imaging optical System 110 
unchanged. 

The distance L can be obtained in the same manner as in 
the first embodiment. 

Subsequently, the light source unit 610 outputs irradiation 
light for the object 900 to be sensed, and reference light. The 
object 900 to be sensed irradiated with the irradiation light 
causes reflection, thus producing object light as Spherical 
WWCS. 

Some light components of the object light enter the 
imaging optical System 110 via the aperture 211, are output 
toward the imaging point, and enter the interference optical 
system 310. On the other hand, the reference light output 
from the light source unit 610 enters the interference optical 
system 310 and interferes with the object light. 

Interference light output from the interference optical 
system 310 is received by the imaging surface 410 after the 
object light and the reference light are Selected by the 
analyzer 430. A fringe image formed by the light received by 
the imaging Surface 410 is Sensed by the imaging device 
420, and the imaging result is Stored in the Storage means 
710 together with the information of the distance L or is 
transmitted from the transmission means 720 toward the 
holography display apparatus. 

Note that a laser light Source that can output the three 
primary colors of light in turn may be prepared as a laser 
light Source 611, and holograms of the respective colors may 
be sensed in turn to acquire imaging information that can 
reconstruct a color image. AS the laser light Source that can 
output the three primary colors of light in turn, laser devices 
which output the respective color beams may be prepared 
and be driven Sequentially, or a laser light Source which 
outputs light including the three primary colors of light may 
be prepared and filters each for Selecting one of the three 
primary colors of light may be used in turn. 

(Fourth Embodiment) 
FIG. 17 shows the arrangement of the fourth embodiment 

of a holography imaging apparatus according to the present 
invention. The holography imaging apparatus of this 
embodiment is an intensity recording type imaging appara 
tus. As shown in FIG. 17, this apparatus comprises (a) a light 
Source unit 610 for producing irradiation light to be irradi 
ated onto an object 900 to be sensed and reference light, (b) 
a diaphragm 210 having an aperture 211 which transmits the 
object light reflected by the object 900 to be sensed as a 
result of irradiation of light output from the light Source unit 
610 onto the object 900 to be sensed, (c) an imaging optical 
System 110 having a variable focal length, arranged at a 
position corresponding to the focal plane of the object Space 
of the diaphragm 210 and having a positive refractive index, 
(d) an interlocking means 270 for setting the focal length of 
the imaging optical System 110, and changing the distance 
between the diaphragm 210 and the imaging optical System 
110 and the aperture size of the aperture 211 in correspon 
dence with the focal length of the object space, (e) an 
interference optical system 310 for bringing the object light 
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via the imaging optical System 110 and the reference light to 
interference, (f) an imaging Sensing means 400 which has an 
imaging Surface 410 perpendicular to the optical axis of the 
imaging optical System 110 and Senses an image formed by 
interference light output from the interference optical System 
310, (g) a storage means 710 for receiving and storing 
imaging information output from the image Sensing means 
400, and (h) a transmission means 720 for receiving the 
imaging information output from the image Sensing means 
400 and transmitting it to a holography display apparatus. 
When the wavelength of the object light=), the aperture 

Size of the aperture of the diaphragm=a, the focal length of 
the object Space of the imaging optical System=f, and the 
Spatial resolution of the image Sensing means=p, the appa 
ratus Satisfies: 

a Swift (1) 

FIG. 18 shows the arrangement of the imaging optical 
system 110. As shown in FIG. 18, the imaging optical 
System comprises (i) a near-side convex lens 111 having a 
focal length f1=300 mm, and (ii) a far-side convex lens 112 
Separated by a distance D from the convex lens 111, and 
having a focal length f2=150 mm. 
A Synthesized focal length f of the imaging optical System 

110 is given by: 

the distance, ff, from the near-side focal point to the convex 
lens 111 is defined by: 

and the distance, L2, from the far-side focal point to the 
convex lens 112 is described by: 

FIG. 19 shows the arrangement of the interlocking means 
270. As shown in FIG. 19, the interlocking means 270 
comprises (i) a holder 271 for the convex lens 111, which 
holder has a collapsible pin 271, (ii) a holder 272 for the 
convex lens 112, which holder has a collapsible pin 272, 
(iii) a holder 273 for the diaphragm 210, which holder has 
a collapsible pin 2731 and a collapsible lever 273 for 
controlling the aperture size, and (iv) an intermediate holder 
274 which has collapsible pins 274 and 274, houses the 
holders 271, 272, and 273, and also has a notch 274 for 
limiting the movements of the collapsible pins 2711, 272, 
and 273 in the horizontal direction, and a notch 274 for 
allowing the movement of the collapsible lever 273 within 
the moving range of the collapsible lever 273. Furthermore, 
the interlocking means 270 comprises an external holder 
275 which houses the intermediate holder 274, and has a 
notch 275 for limiting the movement of the collapsible pin 
274 to rotation about the optical axis, a notch 275 for 
limiting the movement of the collapsible pin 274 to rotation 
about the optical axis, a notch 275 for limiting the move 
ment of the collapsible pin 274, a notch 275 for limiting 
the movement of the collapsible pin 272, a notch 275 for 
limiting the movement of the collapsible pin 273, and a 
notch 275 for limiting the movement of the collapsible 
lever 273. 

In the interlocking means 270, when the external holder 
275 is rotated with reference to the intermediate holder 274, 
the intersections between the notch 274, and notches 275, 
275, and 275 define the horizontal positions of the aperture 
210 and the convex lenses 111 and 112. The notch 275 
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defines the position of the collapsible lever 273 to define the 
aperture size of the aperture 211 of the diaphragm 210. 
The interlocking means 270 shown in FIG. 19 is designed 

under the conditions that the convex lenses 111 and 112 are 
used to Set a minimum value fmin=110 mm and a maximum 
value fmax=220 mm of the synthesized focal length, and the 
rotation angle, 0, of the external holder 275 with respect to 
the intermediate holder 274 falls within the range from 0 to 
90 so as to satisfy the following condition and to obtain 
f=fmin when 0=0 and f=fmax when 0=900: 

ffmin+k6 

Under these conditions, we have: 

k=(fmax-fmin)/90-1.222 mm/ 

The distance L2 can be expressed using the rotation angle 
0 as a variable from the following equation that defines the 
distance L2 from the far-side focal point to the convex lens 
112: 

Also, the distance, L1, from the far-side focal point to the 
convex lens 111 can be expressed using the rotation angle 0 
as a variable from the following equation: 

Furthermore, the distance, L3, from the far-side focal 
point to the near-side focal point, i.e., to the diaphragm 210, 
can be expressed using the rotation angle 0 as a variable 
from the following equation: 

FIG. 20 shows the relationship among the distances L1, 
L2, and L3, the Synthesize focal length f, and the rotation 
angle 0 when the above-mentioned numerical values are Set. 
On the other hand, the aperture size a of the aperture 211 

is defined by: 

The rotation angle 0m of the collapsible lever 273 and the 
rotation angle 0 are designed to have: 

On=k20--00 

and to Satisfy: 

a=amin-k10m 

and they are designed under the conditions that a =0 
when Om=0 and a-38x10 when Om=90. 

Under these conditions, we have: 

k1=4.222x10/ 

Hence, 0m is described by: 
0m=Af(k1p) 

In this way, the rotation angle Om can be expressed using the 
rotation angle 0 as a variable. 

FIG. 21 shows the relationship between the rotation 
angles Om and 0 when the above-mentioned numerical 
values are Set. 
A case will be exemplified below wherein the imaging 

optical System 110 adopts a convex lens having a focal 
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length f=18 cm, the imaging surface 410 is defined by an 
array of 512 (=N)X512 imaging devices at a pitch p=11 um, 
the light to be used has a wavelength ) =0.628 tim, and the 
object 900 is set at a position about 46.4 cm ahead of the 
imaging optical System 110, as in the first embodiment. In 
this case, the imaging point of the object 900 to be sensed 
by the imaging optical System 110 corresponds to a position 
Separated by 29.4 cm from the imaging optical System 110. 
Also, the circular aperture 211 is adopted to have its size a 
defined by: 

Note that the optical axis of the object light is defined as 
the Z-axis, the up-and-down direction of the plane of the 
drawing of FIG. 17 is defined as the y-direction, and the 
direction perpendicular to the plane of the drawing of FIG. 
17 is defined as the X-direction, as in the first embodiment. 
The holography imaging apparatus of this embodiment 

senses an intensity hologram of the object 900 to be sensed 
as follows. 
The interlocking means Sets the positions of the dia 

phragm 210 and the imaging optical System 110 in corre 
spondence with the resolution of the image Sensing means, 
So that the imaging Surface 410 is separated by an appro 
priate distance L from the object 900 to be sensed. 

The distance L can be obtained in the same manner as in 
the first embodiment. 

Thereafter, the interlocking means 270 sets the distance L 
between the imaging point of the object 900 to be sensed and 
the imaging Surface 410 to be 10 cm, i.e., Sets the imaging 
surface 410 to be separated by 19.4 cm from the imaging 
optical system 110. 

Subsequently, the light Source unit 610 outputs irradiation 
light for the object 900 to be sensed, and reference light. The 
object 900 to be sensed irradiated with the irradiation light 
causes reflection, thus producing object light as Spherical 
WWCS. 

Some light components of the object light enter the 
imaging optical System 110 via the aperture 211, are output 
toward the imaging point, and enter the interference optical 
system 310. On the other hand, the reference light output 
from the light source unit 610 enters the interference optical 
system 310 and interferes with the object light. 

Interference light output from the interference optical 
system 310 is received by the imaging surface 410 after the 
object light and the reference light are Selected by the 
analyzer 430. A fringe image formed by the light received by 
the imaging Surface 410 is Sensed by the imaging device 
420, and the imaging result is Stored in the Storage means 
710 together with the information of the distance L or is 
transmitted from the transmission means 720 toward the 
holography display apparatus. 

Note that a laser light Source that can output the three 
primary colors of light in turn may be prepared as a laser 
light Source 611, and holograms of the respective colors may 
be sensed in turn to acquire imaging information that can 
reconstruct a color image. AS the laser light Source that can 
output the three primary colors of light in turn, laser devices 
which output the respective color beams may be prepared 
and be driven Sequentially, or a laser light Source which 
outputs light including the three primary colors of light may 
be prepared and filters each for Selecting one of the three 
primary colors of light may be used in turn. 

(Fifth Embodiment) 
FIG.22 shows the arrangement of the fifth embodiment of 

a holography imaging apparatus according to the present 
invention. The holography imaging apparatus of this 
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embodiment is a complex hologram recording type holog 
raphy imaging apparatus. AS Shown in FIG. 22, this appa 
ratus comprises (a) a light Source unit 610 for producing 
irradiation light to be irradiated onto an object 900 to be 
Sensed and reference light, (b) a diaphragm 210 having an 
aperture 211 which transmits the object light reflected by the 
object 900 to be sensed as a result of irradiation of light 
output from the light source unit 610 onto the object 900 to 
be sensed, (c) an imaging optical System 110 arranged at a 
position corresponding to the focal plane of the object Space 
of the diaphragm 210 and having a positive refractive index, 
(d) an interlocking means 270 for setting the focal length of 
the imaging optical System 110, and changing the distance 
between the diaphragm 210 and the imaging optical System 
110 and the aperture size of the aperture 211 in correspon 
dence with the focal length of the object space, (e) an 
interference optical system 320 for bringing the object light 
via the imaging optical System 110 and the reference light to 
interference, (f) an imaging Sensing means 400 which has an 
imaging Surface 410 perpendicular to the optical axis of the 
imaging optical System 110 and Senses an image formed by 
interference light output from the interference optical System 
310, (g) a processing unit 800 for receiving and processing 
the imaging information output from the image Sensing 
means 400 to obtain the intensity and phase of the object 
light on the imaging Surface 410, and instructing the inter 
ference optical system 320 of the phase of the reference 
light, (h) a storage means 710 for storing the intensity 
information and phase information obtained by the proceSS 
ing unit 800, and (i) a transmission means 720 for receiving 
the imaging information output from the image Sensing 
means 400 and transmitting it toward the holography display 
apparatus. 
When the wavelength of the object light=0, the aperture 

Size of the aperture of the diaphragm=a, the focal length of 
the object Space of the imaging optical System=f, and the 
Spatial resolution of the image Sensing means=p, the fol 
lowing relation holds: 

a Swift (1) 

More Specifically, in this embodiment, a modification 
from the first embodiment to the second embodiment is 
applied to the fourth embodiment. 
The interference optical system 320 comprises (i) an 

optical System 311 for receiving the light via an optical 
System 616 and converting it into plane waves, (ii) a phase 
adjuster 321 for receiving the light via the optical System 
311, adjusting the phase of output light by the amount 
instructed from the processing unit 800, and outputting the 
adjusted light, (iii) a half mirror 322 for Setting the optical 
path of light via the phase adjuster 321, and (iv) a half mirror 
313 for receiving the object light via the imaging optical 
system 110 and the reference light via the half mirror 322, 
and outputting these two beams in Substantially the same 
directions to bring them to interference. Note that the phase 
adjuster 321 performs phase adjustment in four Steps for 
every 2/4. 
The phase adjuster 321 comprises (i) a mirror 326 for 

reflecting the incident light, and (ii) a piezoelectric device 
327 for moving the mirror 326 in accordance with an 
instruction from the processing unit 800. 

FIG. 23 is a block diagram showing the arrangement of 
the processing unit 800. As shown in FIG. 23, the processing 
unit 800 comprises (i) frame memories 810 to 810 for 
Storing light intensity data of the respective pixels on the 
imaging Surface 410 in units of phase adjustment amounts, 
(ii) a calculation unit 820 for calculating the amplitudes and 
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phases of object light at the respective pixel positions on the 
basis of the data of the pixels Stored in the frame memories 
810 to 810s, and (iii) a control unit 830 for controlling the 
frame memories 810 to 810 and the calculation unit 820, 
and issuing a phase adjustment instruction Signal of the 
phase adjuster 321. 

The holography imaging apparatus of this embodiment 
Senses a complex hologram as follows. 
As in the fourth embodiment, a moving means 440 sets 

the imaging Surface 410 at a position Separated by an 
appropriate distance L from the object 900 to be sensed in 
correspondence with the resolution of the image Sensing 
means while the interlocking means 270 maintains the 
positional relationship between the diaphragm 210 and the 
imaging optical System 110 unchanged. 
As in the second embodiment, the processing unit 800 

issues a phase adjustment instruction of a phase adjustment 
amount=0, and the phase adjuster 321 sets the mirror 326 at 
the position of the phase adjustment amount=0. 

Subsequently, the light source unit 610 outputs irradiation 
light for the object 900 to be sensed, and reference light. The 
object 900 to be sensed irradiated with the irradiation light 
causes reflection, thus producing object light as Spherical 
WWCS. 

Some light components of the object light enter the 
imaging optical System 110 via the aperture 211, are output 
toward the imaging point, and enter the interference optical 
system 320. On the other hand, the reference light output 
from the light source unit 610 enters the interference optical 
system 320, and interferes with the object light by the phase 
adjustment amount=0. 

Interference light output from the interference optical 
System 320 is received by the imaging Surface 410 after the 
object light and the reference light are Selected by an 
analyzer 430. A fringe image formed by the light received by 
the imaging Surface 410 is Sensed by an imaging device 420, 
and the imaging result is Stored in the frame memory 810 
as data (Io) of the phase adjustment amount=0. 
As in the second embodiment, the processing unit 800 

issueS phase adjustment instructions of phase adjustment 
amounts=TL/2, IL, and 371/2 in turn, and Stores the correspond 
ing imaging results (I, I, and I) in the frame memories 
810, to 810. 

Then, the phase (S2-C2) is output as the first calculation 
result of the calculation unit 820, and the amplitude A of 
the object light is output as the Second calculation result of 
the calculation unit 820. 

The calculation results of the calculation unit 820 are 
stored in the storage means 710 together with the informa 
tion of the distance L or are transmitted from the transmis 
Sion means 720 to the holography display apparatus. 
AS in the fourth embodiment, a laser light Source that can 

output the three primary colors of light in turn may be 
prepared as the laser light Source 611, and holograms of the 
respective colors may be sensed in turn to acquire imaging 
information that can reconstruct a color image. AS the laser 
light Source that can output the three primary colors of light 
in turn, laser devices which output the respective color 
beams may be prepared and be driven Sequentially, or a laser 
light Source which outputs light including the three primary 
colors of light may be prepared and filters each for Selecting 
one of the three primary colors of light may be used in turn. 
Embodiments of Holography Display Apparatus 
(First Embodiment) 
FIG. 24 is a diagram showing the first embodiment of a 

holography display apparatus according to the present 
invention. The holography display apparatus of this embodi 
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ment is an apparatus for reconstructing the image of an 
object 900 to be sensed on the basis of the intensity 
hologram Sensed by the holography imaging apparatus 
shown in FIG. 12. 
AS shown in FIG. 24, this apparatus comprises (a) an 

information input unit 750 for receiving the hologram infor 
mation Sensed by the holography imaging apparatus shown 
in FIG. 12, (b) a hologram forming unit 650 for receiving the 
hologram information via the information input unit 750, 
and forming a hologram 511 on the basis of the received 
hologram information, (c) an imaging optical System 120 
which is equivalent to the imaging optical System 110 in 
FIG. 12, and forms an image by receiving light of wave 
fronts that form the hologram 511, (d) a moving means 150 
for changing the distance between the hologram 511 and the 
imaging optical System 120, and (e) a 0th-order light Shield 
ing plate 250 arranged at the focal point position of the 
image Space of the imaging optical System 120. 
The information input unit 750 comprises (i) an informa 

tion reading device 751 for reading out stored information 
from a storage medium of the imaging result of the holog 
raphy imaging apparatus, and (ii) a receiver 752 for receiv 
ing the imaging result transmitted from the holography 
imaging apparatus. 
The hologram forming unit 650 comprises (i) a display 

device 651 for displaying an image on the basis of infor 
mation supplied from the information input unit 750, (ii) a 
Spatial light modulator 652 for writing the image displayed 
on the display device 651, (iii) a laser light source 653 for 
generating coherent light as plane waves to be irradiated 
onto the Spatial light modulator 652, (iv) a relay optical 
system 654 for guiding the light output from the laser light 
Source 653 to the spatial light modulator 652, and (v) an a 
focal optical system 655 for receiving the light phase 
modulated by the spatial light modulator 652 and forming 
the hologram 511 of the spatial light modulator 652 that 
matches the size on the imaging Surface upon imaging. 

In order to prevent reflection by protection glass of the 
Spatial light modulator 652, an optical fiber plate having a 
core diameter equal to or Smaller than the imaging resolution 
is preferably used in place of the normal protection glass. 
A case will be exemplified below wherein the imaging 

optical System 120 adopts a convex lens having a focal 
length f-18 cm and light to be used has a wavelength 
2=0.628 um in correspondence with the holography imaging 
apparatus shown in FIG. 12. 

This holography display apparatus reconstructs and dis 
plays the image of the object to be Sensed as follows on the 
basis of the imaging result of the holography imaging 
apparatus shown in FIG. 12. 
The moving means 150 adjusts the forming position of the 

hologram 511 and the imaging optical System 120 in accor 
dance with the condition given by equation (8). More 
Specifically, Since Z=1.4 cm in the holography imaging 
apparatus in FIG. 12, this position is moved by 2.8 cm (=2Z) 
in the direction of the imaging optical system 110 in FIG. 12. 
AS a consequence, the hologram 511 is formed at a position 
Separated by 16.6 cm from the imaging optical System 120. 

Image information as hologram information is received 
from the information input unit 750, and is displayed on the 
display device 651. The displayed image information is 
written in the spatial light modulator 652. The display device 
651 preferably comprises a compact CRT, and the spatial 
light modulator 652 preferably comprises an optical writing 
type liquid crystal Spatial light modulation device. Note that 
the display device 651 displays the imaging result while 
rotating it through 180 about the optical axis (Z-axis). 
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Subsequently, light output from the laser light source 653 
is irradiated onto the spatial light modulator 652 via the relay 
optical system 654. The light phase-modulated by the spatial 
light modulator 652 forms the hologram 511 of the spatial 
light modulator 652 via the a focal optical system 655 to 
have the same size as that upon imaging. The magnification 
of the a focal optical system is determined by the ratio of the 
pixel Size of the display device 651 to that upon imaging. For 
example, when the display device 651 uses a 1.5" compact 
CRT, the pixel Size is about 40 um, and the pixel Size upon 
imaging is 11 um as described above. Hence, an a focal 
optical System of about 4:1 is used. 
A real image RL2 reconstructed by the hologram 511 is 

reproduced at the position, on the imaging optical System 
120, of the hologram 511 and separated by about 6.6 cm 
from the imaging optical System 120. ASSume that wave 
fronts that form the real image RL2 are those that form a 
virtual image IM2 by the imaging optical system 120. The 
Oth-order light shielding plate 250 set at the focal point 
position of the imaging optical system 120 shields 0th-order 
light components of the light output from the imaging 
optical System 120, and transmits light components of the 
1st order or higher. 
When the light which is not shielded by the 0th-order light 

shielding plate 250 is observed from the position behind the 
Oth-order light shielding plate 250, the reconstructed image 
of the object 900 to be sensed free from any distortion can 
be observed. 
When holograms are Sensed in units of three primary 

colors of light, the color image of the object 900 to be sensed 
can be reconstructed by Synthesizing the reconstructed 
images in units of colors as in the above embodiments. 

(Second Embodiment) 
FIG. 25 is a diagram showing the second embodiment of 

a holography display apparatus according to the present 
invention. The holography display apparatus of this embodi 
ment is an apparatus for reconstructing the image of an 
object 900 to be sensed on the basis of an intensity hologram 
Sensed by the holography imaging apparatus shown in FIG. 
12. 
AS shown in FIG. 25, this apparatus comprises (a) an 

information input unit 750 for receiving the hologram infor 
mation Sensed by the holography imaging apparatus shown 
in FIG. 12, (b) a calculation unit 770 for receiving the 
hologram information via the information input unit 750, 
and calculating the reconstructed image of the object 900 to 
be sensed on the basis of the received hologram information, 
and (c) a display device 790 for displaying the calculation 
result of the calculation unit 770. 

The calculation unit 770 uses a computer that has function 
calculation performance. 

This holography display apparatus reconstructs and dis 
plays the image of the object to be Sensed as follows on the 
basis of the imaging result of the holography imaging 
apparatus shown in FIG. 12. FIG. 26 is a flow chart showing 
the calculation processing of the calculation unit 770 of this 
embodiment. 

The calculation unit 770 receives hologram information 
from the information input unit. Subsequently, the object to 
be calculated is determined to be either the amplitude or 
phase, and is separated into a real number part and an 
imaginary number part to obtain a complex number distri 
bution H(x, y). 

The position of a hologram is imaginarily Set by correct 
ing it in accordance with equation (8), So as to realize the 
calculation based on the reconstruction optical System model 
shown in FIG.8. Since Z=1.4 cm in the holography imaging 
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apparatus shown in FIG. 12, the hologram is imaginarily Set 
at the position Separated by 16.6 cm from an imaginary 
imaging optical System equivalent to the imaging optical 
system 110 as in the first embodiment. 

Wavefronts from the imaginarily Set hologram are 
Fresnel-transformed to calculate those on the focal plane of 
the object space (to be also referred to as the near Side 
hereinafter) of the imaginary imaging optical System. 
AS the calculation method, a Spherical wave reconstruc 

tion method and a fast Fourier transformation method are 
available. These methods will be described below. 
(1) Spherical Wave Reconstruction Method 
A propagation distance L (=1.4 cm), a pitch p (= 11 um), 

and the number N (=512)xN of pixels are set, and wave 
fronts from all the hologram grating points are added to each 
other in association with the respective points of the focal 
plane on the near Side of the imaginary imaging optical 
System. 
More specifically, if he represents the pitch on the focal 

plane on the near side, wavefronts Of(him, hen) on the focal 
plane on the near Side are calculated by: 

where m=an integer falling within the range from -N/2 to 
N/2-1. 

n=an integer falling within the range from -N/2 to N/2-1 
q=an integer falling within the range from -N/2 to N/2-1 
i=an integer falling within the range from -N/2 to N/2-1 
j: imaginary number unit 

(2) Fast Fourier Transformation Method 
A propagation distance L (=1.4 cm), a pitch p (= 11 um), 

and the number N (=512)xN of pixels are set, and he 
represents the pitch on the focal plane on the near Side. Then, 
wavefronts Of(him, hen) on the focal plane on the near side 
are obtained by the following calculation: 

Of(him, hin)=FIFTH(him, hin) FIf(him, hin) 
where F: fast Fourier transform 
F': inverse fast Fourier transform 
f(him, hen)=(1/r)expikr) 

m=an integer falling within the range from -N/2 to 
N/2-1. 

n=an integer falling within the range from -N/2 to N/2-1 
Note that the following equation preferably replaces the 

above-mentioned one depending on the Fresnel propagation 
distance L. 

After the wavefronts on the focal plane on the near Side 
are calculated, as described above, the Sign of the Fresnel 
propagation direction is discriminated. The Sign of the 
Fresnel propagation direction is defined So that the direction 
from the hologram toward the imaginary imaging optical 
System is positive, and whether the direction to observe the 
focal plane on the near Side from the hologram is positive or 
negative is discriminated. 
When the sign of the Fresnel propagation direction is 

positive, the wavefronts Of(him, hen) are directly used; 
when it is negative, complex conjugates of wavefronts 
Of(him, hin) are adopted to match the propagation direction 
of the wavefronts. 
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In this embodiment, Since the Sign of the Fresnel propa 
gation direction is negative, complex conjugates are calcu 
lated. 

The adopted wavefronts on the focal plane on the near 
Side are Subjected to two-dimensional Fourier transforma 
tion to calculate wavefronts G(?m, fin) on the focal plane 
of the image space (to be also referred to as the far Side 
hereinafter) of the imaginary O imaging optical System. 
Note that f is the pixel pitch on the focal plane on the far 
side. The wavefronts G(?m, fin) are distributed at grating 
points falling within the range having the pitch f=) f/(h,N) 
(=2022 um) and one side=) f/h. 

Then, the calculation is executed while setting the 0th 
order shielded light to be G(0, 0)=0. Note that the range of 
the 0th-order light shielding operation with G(x, y)=0 is 
appropriately adjusted. 

Subsequently, the wavefronts G(?m, fin) Subjected to the 
0th-order light Shielding processing are Subjected to inverse 
Fresnel transformation to calculate and obtain the wavefront 
distribution of the virtual image IM2. 

In this embodiment, the distance, Lo, between the focal 
point on the far side and the virtual image IM2 is 28.4 cm. 
AS Such calculation method, a spherical wave reconstruc 

tion method and a fast Fourier transformation method are 
available. These methods will be described below. 
(1) Spherical Wave Reconstruction Method 
A propagation distance Lo (=28.4 cm), a pitch o (=11 

um), and the number N (=512)xN of pixels are set, and 
wavefronts from all the hologram grating points on the focal 
plane, on the far Side, of the imaginary imaging optical 
System are added to each other in association with the 
respective points of the virtual image IM2. 

That is, wavefronts O(om, on) on the virtual image IM2 
are calculated by: 
where m=an integer falling within the range from -N/2 to 
N/2-1. 

explik((f,q - on) + (fi - on) + Lo)' 

n=an integer falling within the range from -N/2 to N/2-1 
q=an integer falling within the range from -N/2 to N/2-1 
i=an integer falling within the range from -N/2 to N/2-1 
j: imaginary number unit 
Note that o–f, in this embodiment. 

(2) Fast Fourier Transformation Method 
A propagation distance Lo (=28.4 cm), a pitch o (=11 

um), and the number N (=512)xN of pixels are set, and 
wavefronts O(om, on) on the virtual image IM2 are 
obtained by the following calculation: 

O(fm,fn)=FIF1G(him, hin) FIf(him, hin) 
where F: fast Fourier transform 
F: inverse fast Fourier transform 
f(him, hin)=(1/r)expikr) 
r=(hmt-han-i-L)'? 
m=an integer falling within the range from -N/2 to 

N/2-1. 
n=an integer falling within the range from -N/2 to N/2-1 
Note that the following equation preferably replaces the 

above-mentioned one depending on the Fresnel propagation 
distance L. 

Finally, the wavefronts O(om, on) or O(?m, fin) are 
transformed, and the reconstructed image of the object to be 
sensed is displayed on the display device 790. 
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Note that the above-mentioned processing generally dis 

plays a tomographic image of the Virtual image IM2. 
When imaging results corresponding to the three primary 

colors of light are available, a color image can be recon 
Structed by performing the calculations for the respective 
colors, and Synthesizing the final reconstructed images. 

(Third Embodiment) 
FIG. 27 shows a third embodiment of a holography 

display apparatus according to the present invention. The 
holography display apparatus of this embodiment is an 
apparatus for reconstructing the image of an object 900 to be 
Sensed on the basis of a complex hologram Sensed by the 
holography imaging apparatus in FIG. 14. 
AS shown in FIG. 27, this apparatus comprises (a) an 

information input unit 750 for receiving the hologram infor 
mation Sensed by the holography imaging apparatus shown 
in FIG. 14, (b) a hologram forming unit 660 for receiving the 
hologram information via the information input unit 750, 
and forming a hologram 511 on the basis of the received 
hologram information, (c) an imaging optical System 120 
which is equivalent to the imaging optical System 110 in 
FIG. 14, and forms an image by receiving light of wave 
fronts that form the hologram 511, (d) a moving means 150 
for changing the distance between the hologram 511 and the 
imaging optical System 120, and (e) a 0th-order light Shield 
ing plate 250 arranged at the focal point position of the 
image Space of the imaging optical System 120. 
The hologram forming unit 660 comprises (i) a phase & 

amplitude modulation unit 663 having a phase modulator 
661 for modulating the phase of input light based on phase 
information supplied from the information input unit 750, 
and an amplitude modulator 662 for modulating the ampli 
tude of input light, (ii) a laser light Source 653 for producing 
coherent light as plane waves to be irradiated onto the phase 
& amplitude modulation unit 663, (iii) a relay optical System 
654 for guiding light output from the laser light source 653 
toward the phase modulator 661 and amplitude modulator 
662, and (iv) an a focal optical system 655 for receiving light 
via the phase & amplitude modulation unit 663, and forming 
the hologram 511 of the phase & amplitude modulation unit 
663 that matches the size on the imaging Surface upon 
imaging. 
A case will be exemplified below wherein the imaging 

optical System 120 adopts a convex lens having a focal 
length f-18 cm and light to be used has a wavelength 
I=0.628 um in correspondence with the holography imaging 
apparatus shown in FIG. 14. 

This holography display apparatus reconstructs and dis 
plays the image of the object to be Sensed as follows on the 
basis of the imaging result of the holography imaging 
apparatus shown in FIG. 14. 
As in the first embodiment, the moving means 150 adjusts 

the forming position of the hologram 511 and the imaging 
optical System 120 in accordance with the condition given 
by equation (8). More specifically, since Z=1.4 cm in the 
holography imaging apparatus in FIG. 14, this position is 
moved by 2.8 cm (=2Z) in the direction of the imaging 
optical system 110 in FIG. 14. As a consequence, the 
hologram 511 is formed at the position separated by 16.6 cm 
from the imaging optical System 120. 
The light output from the laser light source 653 is irra 

diated onto the phase & amplitude modulation unit 663 via 
the relay optical system 654. The phase & amplitude modu 
lation unit 663 receives phase information and amplitude 
information as hologram information from the information 
input unit 750, and the phase and amplitude modulators 661 
and 662 respectively execute phase and amplitude modula 
tion. 
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The phase and amplitude modulators 661 and 662 can be 
easily realized using liquid crystal panels using the tech 
niques disclosed in Japanese Patent Laid-Open NoS. 
5-127139 and 5-119341. 

The light phase-modulated by the phase modulator 661 
forms the hologram 511 of the phase modulator 661, which 
has the same size as that upon imaging, via the a focal 
optical system 655. The magnification of the a focal optical 
system is determined by the ratio of the pixel size of the 
display device 651 to that upon imaging. 
A real image RL2 reconstructed by the hologram 511 is 

reproduced at the position, on the imaging optical System 
120, of the hologram 511 and separated by about 6.6 cm 
from the imaging optical System 120. ASSume that wave 
fronts that form the real image RL2 are those that form a 
virtual image IM2 by the imaging optical system 120. The 
Oth-order light shielding plate 250 set at the focal point 
position of the imaging optical system 120 shields 0th-order 
light components of the light output from the imaging 
optical System 120, and transmits light components of the 
1st order or higher. 
When the light which is not shielded by the 0th-order light 

shielding plate 250 is observed from the position behind the 
Oth-order light shielding plate 250, the reconstructed image 
of the object 900 to be sensed free from any distortion can 
be observed. 

If the phase and amplitude can be modulated ideally, the 
Oth-order light shielding plate 250 is not always required. 
When holograms are Sensed in units of three primary 

colors of light, the color image of the object 900 to be sensed 
can be reconstructed by Synthesizing the reconstructed 
images in units of colors as in the above embodiments. 

(Fourth Embodiment) 
FIG. 28 shows a fourth embodiment of a holography 

display apparatus according to the present invention. The 
holography display apparatus of this embodiment is an 
apparatus for reconstructing the image of an object 900 to be 
Sensed on the basis of a complex hologram Sensed by the 
holography imaging apparatus shown in FIG. 14. 
AS shown in FIG. 28, this apparatus comprises (a) an 

information input unit 750 for receiving the hologram infor 
mation Sensed by the holography imaging apparatus shown 
in FIG. 14, (b) a calculation unit 780 for receiving the 
hologram information via the information input unit 750, 
and calculating the reconstructed image of the object 900 to 
be sensed on the basis of the received hologram information, 
and (c) a display device 790 for displaying the calculation 
result of the calculation unit 780. 

The calculation unit 780 uses a computer that has function 
calculation performance. 

This holography display apparatus reconstructs and dis 
plays the image of the object to be Sensed as follows on the 
basis of the imaging result of the holography imaging 
apparatus shown in FIG. 14. FIG. 29 is a flow chart showing 
the calculation processing of the calculation unit 770 of this 
embodiment. 

The calculation unit 780 receives hologram information 
from the information input unit. Subsequently, each of the 
phase information and amplitude information of the object 
to be calculated is separated into a real number part and an 
imaginary number part to obtain a complex number distri 
bution H(x, y). 

Thereafter, the same calculations as in the Second embodi 
ment are performed to transform finally calculated wave 
fronts O(om, on) or O(?m, fin), and the reconstructed 
image of the object to be Sensed is displayed on the display 
device 790. 
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Note that the above-mentioned processing generally dis 

plays a tomographic image of a virtual image IM2, as in the 
Second embodiment. 

(Fifth Embodiment) 
FIG. 30 is a diagram showing the fifth embodiment of a 

holography display apparatus according to the present 
invention. The holography display apparatus of this embodi 
ment is an apparatus for reconstructing the image of an 
object 900 to be sensed on the basis of an intensity hologram 
Sensed by the holography imaging apparatus in FIG. 16. 
AS shown in FIG. 30, this apparatus comprises (a) an 

information input unit 750 for receiving the hologram infor 
mation Sensed by the holography imaging apparatus shown 
in FIG. 16, (b) a hologram forming unit 650 for receiving the 
hologram information via the information input unit 750, 
and forming a hologram 511 on the basis of the received 
hologram information, (c) an imaging optical System 120 
which is equivalent to the imaging optical System 110 in 
FIG. 16, and forms an image by receiving light of wave 
fronts that form the hologram 511, (d) a moving means 150 
for changing the distance between the hologram 511 and the 
imaging optical System 120, (e) a 0th-order light Shielding 
plate 251 arranged at the focal point position of the image 
Space of the imaging optical System 120, and (f) a light 
Shielding plate 252 arranged below, on the plane of the 
drawing of FIG. 30, the focal plane of the image space of the 
imaging optical System 120. 
A case will be exemplified below wherein the imaging 

optical System 120 adopts a convex lens having a focal 
length f-18 cm and light to be used has a wavelength 
2=0.628 um in correspondence with the holography imaging 
apparatus shown in FIG. 16. 

This holography display apparatus reconstructs and dis 
plays the image of the object to be sensed as follows on the 
basis of the imaging result of the holography imaging 
apparatus shown in FIG. 16. 
The moving means 150 adjusts the forming position of the 

hologram 511 and the imaging optical System 120 in accor 
dance with the condition given by equation (8). More 
Specifically, Since Z=1.4 cm in the holography imaging 
apparatus in FIG. 16, this position is moved by 2.8 cm (=2Z) 
in the direction of the imaging optical system 110 in FIG. 16. 
AS a consequence, the hologram 511 is formed at the 
position Separated by 16.6 cm from the imaging optical 
system 120. 

Image information as hologram information is received 
from the information input unit 750, and is displayed on a 
display device 651. The displayed image information is 
written in a spatial light modulator 652. The display device 
651 preferably comprises a compact CRT, and the spatial 
light modulator 652 preferably comprises an optical writing 
type liquid crystal Spatial light modulation device. Note that 
the display device 651 displays the imaging result while 
rotating it through 180 about the optical axis (Z-axis). 

Subsequently, light output from a laser light source 653 is 
irradiated onto the spatial light modulator 652 via a relay 
optical system 654. The light phase-modulated by the spatial 
light modulator 652 forms the hologram 511 of the spatial 
light modulator 652 via an a focal optical system 655 to have 
the same size as that upon imaging. The magnification of the 
a focal optical System is determined by the ratio of the pixel 
Size of the display device 651 to that upon imaging. For 
example, when the display device 651 uses a 1.5" compact 
CRT, the pixel Size is about 40 um, and the pixel Size upon 
imaging is 11 gm as described above. Hence, an a focal 
optical System of about 4:1 is used. 
A real image RL2 reconstructed by the hologram 511 is 

reproduced at the position, on the imaging optical System 
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120, of the hologram 511 and separated by about 6.6 cm 
from the imaging optical System 120. ASSume that wave 
fronts that form the real image RL2 are those that form a 
virtual image IM2 by the imaging optical system 120. The 
Oth-order light shielding plate 251 set at the focal point 
position of the imaging optical system 120 shields 0th-order 
light components of the light output from the imaging 
optical system 120, and the light shielding plate 252 shields 
light of wavefronts that form a conjugate image of the Virtual 
image IM2. 
When the light which is not shielded by the 0th-order light 

shielding plate 251 or the light shielding plate 252 is 
observed from the position behind the 0th-order light shield 
ing plate 251 and the light Shielding plate 252, the recon 
structed image of the object 900 to be sensed free from any 
distortion can be observed. 
When holograms are Sensed in units of three primary 

colors of light, the color image of the object 900 to be sensed 
can be reconstructed by Synthesizing the reconstructed 
images in units of colors as in the above embodiments. 

(Sixth Embodiment) 
FIG. 31 is a diagram showing the sixth embodiment of a 

holography display apparatus according to the present 
invention. The holography display apparatus of this embodi 
ment is an apparatus for reconstructing the image of an 
object 900 to be sensed on the basis of an intensity hologram 
Sensed by the holography imaging apparatus shown in FIG. 
16. 
AS shown in FIG. 31, this apparatus comprises (a) an 

information input unit 750 for receiving the hologram infor 
mation Sensed by the holography imaging apparatus shown 
in FIG. 16, (b) a calculation unit 770 for receiving the 
hologram information via the information input unit 750, 
and calculating the reconstructed image of the object 900 to 
be sensed on the basis of the received hologram information, 
and (c) a display device 790 for displaying the calculation 
result of the calculation unit 770. 

The calculation unit 770 uses a computer that has function 
calculation performance. 

This holography display apparatus reconstructs and dis 
plays the image of the object to be Sensed as follows on the 
basis of the imaging result of the holography imaging 
apparatus shown in FIG. 16. FIG. 32 is a flow chart showing 
the calculation processing of the calculation unit 770 of this 
embodiment. 

The calculation unit 770 receives hologram information 
from the information input unit. Subsequently, the object to 
be calculated is determined to be either the amplitude or 
phase, and is separated into a real number part and an 
imaginary number part to obtain a complex number distri 
bution H(x, y). 

The position of a hologram is imaginarily Set by correct 
ing it in accordance with equation (8), So as to realize the 
calculation based on the reconstruction optical System model 
shown in FIG.8. Since Z=1.4 cm in the holography imaging 
apparatus shown in FIG. 16, the hologram is imaginarily Set 
at the position Separated by 16.6 cm from an imaginary 
imaging optical System equivalent to the imaging optical 
system 110 as in the first embodiment. 

Wavefronts from the imaginarily Set hologram are 
Fresnel-transformed to calculate those on the focal plane of 
the object space (to be also referred to as the near Side 
hereinafter), of the imaginary imaging optical System. 
AS the calculation method, a spherical wave reconstruc 

tion method and a fast Fourier transformation method are 
available, as in the Second embodiment. 

After the wavefronts on the focal plane on the near Side 
are calculated, as described above, the Sign of the Fresnel 
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propagation direction is discriminated. The Sign of the 
Fresnel propagation direction is defined So that the direction 
from the hologram toward the imaginary imaging optical 
System is positive, and whether the direction to observe the 
focal plane on the near Side from the hologram is positive or 
negative is discriminated. 
When the sign of the Fresnel propagation direction is 

positive, the wavefronts Of(him, hen) are directly used; 
when it is negative, complex conjugates of wavefronts 
Of(him, hin) are adopted to match the propagation direction 
of the wavefronts. 

In this embodiment, Since the Sign of the Fresnel propa 
gation direction is negative, complex conjugates are calcu 
lated. 
The adopted wavefronts on the focal plane on the near 

Side are Subjected to two-dimensional Fourier transforma 
tion to calculate wavefronts G(?m, fin) on the focal plane 
of the image space (to be also referred to as the far Side 
hereinafter) of the imaginary imaging optical System. Note 
that f is the pixel pitch on the focal plane on the far side. 
The wavefronts G(?m, fin) are distributed at grating points 
falling within the range having the pitch f=) f/(h.N) (=20.22 
am) and one side=) f/h. 

Then, the calculation is executed while setting the 0th 
order shielded light to be G(0, 0)=0. Note that the range of 
the 0th-order light shielding operation with G(x, y)=0 is 
appropriately adjusted. Removal of a conjugate image is 
performed by calculating G(x, y (s0))=0. 

Subsequently, the wavefronts G(?m, fin) Subjected to the 
0th-order light Shielding processing are Subjected to inverse 
Fresnel transformation to calculate and obtain the wavefront 
distribution of the virtual image IM2. 

In this embodiment, the distance, Lo, between the focal 
point on the far side and the virtual image IM2 is 28.4 cm. 
AS Such calculation method, a spherical wave reconstruc 

tion method and a fast Fourier transformation method are 
available, as in the Second embodiment. 

Finally, the wavefronts O(om, on) or O(fm, fin) are 
transformed, and the reconstructed image of the object to be 
sensed is displayed on the display device 790. 

Note that the above-mentioned processing generally dis 
plays a tomographic image of the Virtual image IM2. 
When imaging results corresponding to the three primary 

colors of light are available, a color image can be recon 
Structed by performing the calculations for the respective 
colors, and Synthesizing the final reconstructed images. 

(Seventh Embodiment) 
FIG. 33 is a diagram showing the arrangement of the 

Seventh embodiment of a holography display apparatus 
according to the present invention. The holography display 
apparatus of this embodiment is an apparatus for recon 
structing the image of an object 900 to be sensed on the basis 
of an intensity hologram Sensed by the holography imaging 
apparatus in FIG. 17. 
AS shown in FIG. 33, this apparatus comprises (a) an 

information input unit 750 for receiving the hologram infor 
mation Sensed by the holography imaging apparatus shown 
in FIG. 17, (b) a hologram forming unit 650 for receiving the 
hologram information via the information input unit 750, 
and forming a hologram 511 on the basis of the received 
hologram information, (c) an imaging optical System 120 
which is equivalent to the imaging optical System 110 in 
FIG. 17, and forms an image by receiving light of wave 
fronts that form the hologram 511, (d) a moving means 150 
for changing the distance between the hologram 511 and the 
imaging optical System 120, (e) a 0th-order light Shielding 
plate 250 arranged at the focal point position of the image 
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Space of the imaging optical System 120, and (f) an inter 
locking means 280 for changing the focal length of the 
image Space of the imaging optical System 120, and chang 
ing the distance between the imaging optical System 120 and 
the 0th-order light shielding plate 250 in correspondence 
with the focal length of the image space of the imaging 
optical system 120. 

The interlocking means 280 has an arrangement Similar to 
that of the interlocking means 270 in FIG. 17, so as to realize 
the imaging optical System 120 equivalent to the imaging 
optical system 110 set by the interlocking means 270. 
A case will be exemplified below wherein the imaging 

optical system 120 has a synthesized focal length f=18 cm 
and light to be used has a wavelength A=0.628 um in 
correspondence with the holography imaging apparatus 
shown in FIG. 17. 

This holography display apparatus reconstructs and dis 
plays the image of the object to be Sensed as follows on the 
basis of the imaging result of the holography imaging 
apparatus shown in FIG. 17. 
The interlocking means 280 adjusts the forming position 

of the hologram 511 and the imaging optical system 120 in 
accordance with the condition given by equation (8). More 
Specifically, Since Z=1.4 cm in the holography imaging 
apparatus in FIG. 17, this position is moved by 2.8 cm (=2Z) 
in the direction of the imaging optical system 110 in FIG. 17. 
AS a consequence, the hologram 511 is formed at the 
position Separated by 16.6 cm from the imaging optical 
system 120. 

Image information as hologram information is received 
from the information input unit 750, and is displayed on a 
display device 651. The displayed image information is 
written in a spatial light modulator 652. The display device 
651 preferably comprises a compact CRT, and the spatial 
light modulator 652 preferably comprises an optical writing 
type liquid crystal Spatial light modulation device. Note that 
the display device 651 displays the imaging result while 
rotating it through 180 about the optical axis (Z-axis). 

Subsequently, light output from a laser light source 653 is 
irradiated onto the spatial light modulator 652 via a relay 
optical system 654. The light phase-modulated by the spatial 
light modulator 652 forms the hologram 511 of the spatial 
light modulator 652 via an a focal optical system 655 to have 
the same size as that upon imaging. The magnification of the 
a focal optical System is determined by the ratio of the pixel 
Size of the display device 651 to that upon imaging. For 
example, when the display device 651 uses a 1.5" compact 
CRT, the pixel Size is about 40 um, and the pixel Size upon 
imaging is 11 um as described above. Hence, an a focal 
optical System of about 4:1 is used. 
A real image RL2 reconstructed by the hologram 511 is 

reproduced at the position, on the imaging optical System 
120, of the hologram 511 and separated by about 6.6 cm 
from the imaging optical System 120. ASSume that wave 
fronts that form the real image RL2 are those that form a 
virtual image IM2 by the imaging optical system 120. The 
Oth-order light shielding plate 251 set at the focal point 
position of the imaging optical system 120 shields 0th-order 
light components of the light output from the imaging 
optical system 120, and transmits light of the 1st order or 
higher. 
When the light which is not shielded by the 0th-order light 

shielding plate 250 is observed from the position behind the 
Oth-order light shielding plate 250, the reconstructed image 
of the object 900 to be sensed free from any distortion can 
be observed. 
When holograms are Sensed in units of three primary 

colors of light, the color image of the object 900 to be sensed 
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can be reconstructed by Synthesizing the reconstructed 
images in units of colors as in the above embodiments. 

(Eighth Embodiment) 
FIG. 34 is a diagram showing the eighth embodiment of 

a holography display apparatus according to the present 
invention. The holography display apparatus of this embodi 
ment is an apparatus for reconstructing the image of an 
object 900 to be sensed on the basis of a complex hologram 
Sensed by the holography imaging apparatus shown in FIG. 
22. 
AS shown in FIG. 34, this apparatus comprises (a) an 

information input unit 750 for receiving the hologram infor 
mation Sensed by the holography imaging apparatus shown 
in FIG.22, (b) a hologram forming unit 660 for receiving the 
hologram information via the information input unit 750, 
and forming a hologram 511 on the basis of the received 
hologram information, (c) an imaging optical System 120 
which is equivalent to the imaging optical System 110 in 
FIG. 22, and forms an image by receiving light of wave 
fronts that form the hologram 511, (d) a moving means 150 
for changing the distance between the hologram 511 and the 
imaging optical System 120, (e) a 0th-order light Shielding 
plate 250 arranged at the focal point position of the image 
Space of the imaging optical System 120, and (f) an inter 
locking means 280 for changing the focal length of the 
image Space of the imaging optical System 120, and chang 
ing the distance between the imaging optical System 120 and 
the 0th-order light shielding plate 250 in correspondence 
with the focal length of the image space of the imaging 
optical system 120. 
A case will be exemplified below wherein the imaging 

optical system 120 has a synthesized focal length f=18 cm 
and light to be used has a wavelength =0.628 Lim in 
correspondence with the holography imaging apparatus 
shown in FIG. 22. 

This holography display apparatus reconstructs and dis 
plays the image of the object to be Sensed as follows on the 
basis of the imaging result of the holography imaging 
apparatus shown in FIG. 22. 
AS in the Seventh embodiment, the interlocking means 

280 adjusts the forming position of the hologram 511 and the 
imaging optical System 120 in accordance with the condition 
given by equation (8). More specifically, since Z=1.4 cm in 
the holography imaging apparatus in FIG. 22, this position 
is moved by 2.8 cm (=2Z) in the direction of the imaging 
optical System 110 in FIG. 22. As a consequence, the 
hologram 511 is formed at a position separated by 16.6 cm 
from the imaging optical System 120. 
The light output from a laser light source 653 is irradiated 

onto a phase & amplitude modulation unit 663 via a relay 
optical system 654. The phase & amplitude modulation unit 
663 receives phase information and amplitude information 
as hologram information from the information input unit 
750, and phase and amplitude modulators 661 and 662 
respectively execute phase and amplitude modulation. 
The light phase-modulated by the phase modulator 661 

forms the hologram 511 of the phase modulator 661, which 
has the same size as that upon imaging, via an a focal optical 
system 655. The magnification of the a focal optical system 
is determined by the ratio of the pixel size of the display 
device 651 to that upon imaging. 
A real image RL2 reconstructed by the hologram 511 is 

reproduced at the position, on the imaging optical System 
120, of the hologram 511 and separated by about 6.6 cm 
from the imaging optical System 120. ASSume that wave 
fronts that form the real image RL2 are those that form a 
virtual image IM2 by the imaging optical system 120. The 
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Oth-order light shielding plate 250 set at the focal point 
position of the imaging optical system 120 shields 0th-order 
light components of the light output from the imaging 
optical System 120, and transmits light components of the 
1st order or higher. 
When the light which is not shielded by the 0th-order light 

shielding plate 250 is observed from the position behind the 
Oth-order light shielding plate 250, the reconstructed image 
of the object 900 to be sensed free from any distortion can 
be observed. 
When holograms are Sensed in units of three primary 

colors of light, the color image of the object 900 to be sensed 
can be reconstructed by Synthesizing the reconstructed 
images in units of colors as in the above embodiments. 

From the invention thus described, it will be obvious that 
the invention may be varied in many wayS. Such variations 
are not to be regarded as a departure from the Spirit and 
Scope of the invention, and all Such modifications as would 
be obvious to one skilled in the art are intended for inclusion 
within the Scope of the following claims. 

The basic Japanese Application No. 043420/1996 filed on 
Feb. 29, 1996, No.068729/1996 filed on March 25, and No. 
068737/1996 filed on March 25 are hereby incorporated by 
reference. 
What is claimed is: 
1. A holography imaging apparatus comprising: 
a light Source for irradiating an object to be Sensed; 
diaphragm means with an aperture which transmits object 

light, Said object light being that portion of the light 
irradiated light onto Said object that has been reflected 
by Said object; 

an imaging optical System having a positive refractive 
power and variable front focal length and being So 
arranged to dispose Said diaphragm at front focal plane 
thereof; 

interlocking means for changing a distance between Said 
diaphragm means and Said imaging optical System and 
the aperture Size of Said aperture in response to changes 
in the front focal length of Said imaging optical System; 

an interference optical System to interference Said object 
light transmitted through said imaging optical System 
and reference light as plane waves from Said light 
Source; and 

image Sensing means to record an interference image 
outputted by Said interference optical System and 
formed on the imaging Surface which is perpendicular 
to an optical axis of Said imaging optical System and at 
a first distance from a back focal plane of Said first 
imaging optical System, 

wherein the following relation holds: 

where 2 is the wavelength of the object light, a is the 
aperture diameter of Said diaphragm means, f is a 
front focal length of Said imaging optical System, and 
p is the Spatial resolution of Said image Sensing 
CS. 

2. An apparatus according to claim 1, further comprising: 
moving means for moving the imaging Surface of Said 

image Sensing means to change the first distance. 
3. An apparatus according to claim 1, wherein Said 

interference optical System comprises: 
a plane wave conversion optical System for converting the 

light output from Said light Source into the plane waves 
to obtain the reference light; and 
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an optical path Setting optical System for Setting the 

propagation direction of the object light via Said imag 
ing optical System and a propagation direction of the 
reference light via Said plane wave conversion optical 
System in Substantially the same directions, and bring 
ing the object light and the reference light to 
interference, and 

Said image Sensing means acquires a light intensity dis 
tribution on the imaging Surface. 

4. An apparatus according to claim 1, wherein Said 
interference optical System comprises: 

a plane wave conversion optical System for converting the 
light output from Second light Source into the plane 
waves to obtain the reference light; 

a phase adjuster for adjusting a phase of the reference 
light via Said plane wave conversion optical System; 
and 

an optical path Setting optical System for Setting the 
propagation direction of the object light via Said imag 
ing optical System and a propagation direction of the 
reference light via Said plane wave conversion optical 
System in Substantially the same directions, and bring 
ing the object light and the reference light to 
interference, and 

Said image Sensing means acquires amplitude and phase 
distributions of light waves on the imaging Surface. 

5. A holography display apparatus for displaying an image 
of an object to be Sensed comprising: 

information input means for receiving a holographic 
image data in a predetermined format; 

a light Source for radiating coherent light which has a 
plane or curved wavefront; 

a hologram forming unit for modulating light output from 
Said light Source to include Said holographic image data 
input means as non 0"-order light and projecting a 
hologram on an imaging Surface; 

an imaging optical System having a front focal plane at a 
given first distance from Said hologram; and 

0"-order light shielding means arranged at a back focal 
point of Said imaging optical System. 

6. An apparatus according to claim 5, further comprising: 
principal ray Shielding means, arranged at a back focal 

plane of Said imaging optical System, for Shielding a 
principal ray of light output from Said imaging optical 
System. 

7. An apparatus according to claim 5, further comprising: 
interlocking means for changing Said back focal length of 

Said imaging optical System, and changing a distance 
between Said Second imaging optical System. 

8. An apparatus according to claim 5, further comprising: 
moving means for moving Said imaging optical System to 

change a distance between Said front focal plane of Said 
imaging optical System and Said imaging Surface. 

9. An apparatus according to claim 5, wherein Said 
hologram forming unit comprises: 

display means for displaying a 2-dimentional image in 
response to Said holographic image data; 

a Spatial light modulator for modulating light output form 
Said light Source corresponding to the optical image 
displayed on Said display means, and 

a hologram forming optical System for receiving modu 
lated light and projecting the hologram. 
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10. An apparatus according to claim 5, wherein Said 
hologram forming unit comprises: 

a phase and amplitude modulation unit for performing 
phase modulation and amplitude modulation of inci 
dent light in accordance with amplitude information 
and phase information Supplied form Said information 
input means, and outputting the modulated light; and 

a hologram forming optical System for receiving modu 
lated light and forming the hologram. 

11. A holography display method comprising: 
the first Step of receiving a holographic image data in 

predetermined format, 

40 
the Second Step of forming a hologram on an imaging 

Surface on the basis of information of the received data; 
the third Step of passing the light output from the holo 
gram through a imaging optical System having a front 
focal plane at a given first distance from the hologram; 

the fourth Step of converting coherent light having the 
Same wavelength as the object light into reference light 
as plane waves, and 

the fifth step of shielding a 0"-order light component of 
the light passing through the imaging optical System. 
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